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ALPHA NUMERIC INDEX 


TYPE DESCRIPTION PAGE NO. TYPE DESCRIPTION PAGE NO. 


A CERAMIC MULTILAYER LEADED CAPACITOR 132 40SF WET FOIL TANTALUM CAPACITOR 286 
CR CARBON FILM RESISTOR 487 40SS SOLID SLUG TANTALUM CAPACITOR 256,373,245 
CT-6 CERMET TRIMMER 545 40SW WET SLUG TANTALUM CAPACITOR 220,228,336 
CT-9 CERMET TRIMMER 552 40TF WET FOIL TANTALUM CAPACITOR 296 
CE20 CERMET TRIMMER 552 40TS SOLID SLUG TANTALUM CAPACITOR 254,380 
D&S CERAMIC DISC CAPACITOR 162 4O0TW WET SLUG TANTALUM CAPACITOR 341 
G CERAMIC MULTILAYER LEADED CAPACITOR 136 40VF WET FOIL TANTALUM CAPACITOR 297 
K CERAMIC MULTILAYER LEADED CAPACITOR 142 40XS SOLID SLUG TANTALUM CAPACITOR 268,384 
NFR FUSIBLE METAL FILM RESISTOR 501 40YS SOLID SLUG TANTALUM CAPACITOR 271,388 
P CERAMIC MULTILAYER LEADED CAPACITOR 158 40YW WET FOIL TANTALUM CAPACITOR 352 
PPR PRECISION POWER METAL FILM RESISTOR 509 40ZS SOLID SLUG TANTALUM CAPACITOR 265,392 
PR METAL POWER FILM RESISTOR 497 41GS SOLID SLUG TANTALUM CAPACITOR 355 
R PLATE CERAMIC CAPACITOR 190 41PS SOLID SLUG TANTALUM CAPACITOR 369 
RJ-4 CERMET TRIMMER 547 43JF WET FOIL TANTALUM CAPACITOR 289 
RJ-6 CERMET TRIMMER 548 43J5G WET FOIL TANTALUM CAPACITOR 288 
RJ-13 CERMET TRIMMER 549 43 JW WET SLUG TANTALUM CAPACITOR 216,320 
RJ-24 CERMET TRIMMER 537 43KF WET FOIL TANTALUM CAPACITOR 289 
RJ-26 CERMET TRIMMER 539 43KG WET FOIL TANTALUM CAPACITOR 288 
RJR-24 CERMET TRIMMER 537 43XW Wet Slug Tantalum Capacitor 212,214,225,226 227,348 
RJR-26 CERMET TRIMMER 539 410 OPEN CARBON TRIMMER D7 
RL METAL FILM RESISTOR TO MIL-R-22684 Sis 483 ENCLOSED CARBON TRIMMER 561 
RLR METAL FILM RESISTOR TO MIL-R-39017 518 482 OPEN CERMET TRIMMER 565 
RN METAL FILM RESISTOR TO MIL-R-10509 Sill 484 ENCLOSED CERMET TRIMMER 567 
RNC METAL FILM RESISTOR TO MIL-R-55182 520 5000A METAL FILM RESISTOR TO MIL-R-55182 522 
RNR METAL FILM RESISTOR TO MIL-R-55182 522 5000R/M METAL FILM RESISTOR TO MIL-R-10509 OS 
S Special Application Ceramic Disc Capacitor 179 SOOOT METAL FILM RESISTOR TO MIL-R-22684 Sills 
S-UL UL & CSA Listed Ceramic Disc Capacitor 181 5000U METAL FILM RESISTOR TO MIL-R-39017 518 
SFR METAL FILM RESISTOR 490 5000V METAL FILM RESISTOR TO MIL-R-55182 520 
SFR ZERO OHM JUMPERWIRE 503 5000Y METAL FILM (Standard Precision) RESISTOR 504 
SPACE MISER METAL FILM RESISTOR 482 5000Z METAL FILM (Ultra Precision) RESISTOR 507,512 
SPR METAL FILM (Standard Precision) RESISTOR 504 5053H (SFR 25H) METAL FILM RESISTOR 494 
Ti TRANSMITTING CERAMIC CAPACITOR 196 2322 592-596 METAL OXIDE VARISTOR 
TM-7 CERMET TRIMMER 554 2322 610 NTC THERMISTOR 600 
U CERAMIC DISC CAPACITOR 184 2322 626 NTC THERMISTOR 602 
UPR METAL FILM (Ultra Precision) RESISTOR 507 2322 633 NTC THERMISTOR 604 
VR HIGH VOLTAGE METAL FILM RESISTOR 499 2322 640 NTC THERMISTOR 607 
2800C VARIABLE FILM CAPACITOR 464 2322 642 NTC THERMISTOR 615 
| 2800D VARIABLE FILM CAPACITOR 472 2322 644 NTC INRUSH CURRENT LIMITER 623 
2800E VARIABLE FILM CAPACITOR 472 2322 645 NTC THERMISTOR 627 
2800K VARIABLE FILM CAPACITOR 464 2322 66.0..1 PTC CURRENT OVERLOAD PROTECTION 657 
2800L VARIABLE FILM CAPACITOR 472 2322 66.0..83 PTC CURRENT OVERLOAD PROTECTION 657 
2800M VARIABLE FILM CAPACITOR 472 2322 66.1..1 PTC CURRENT OVERLOAD PROTECTION 657 
3070 ALUMINUM ELECTROLYTIC CAPACITOR 2 2322 66.1..8 PTC CURRENT OVERLOAD PROTECTION 657 
3120 ALUMINUM ELECTROLYTIC CAPACITOR 8 2322 660 PTC THERMISTOR 649 
3186 ALUMINUM ELECTROLYTIC CAPACITOR 18 2322 661 PTC THERMISTOR 651 
3188 ALUMINUM ELECTROLYTIC CAPACITOR 30 2322 662 PTC THERMISTOR 653 
3191 ALUMINUM ELECTROLYTIC CAPACITOR A 2322 672 PTC (MOTOR PROTECTION) THERMISTOR 681 
3476 ALUMINUM ELECTROLYTIC CAPACITOR 45 2322 672 PTC (GENERAL PURPOSE) THERMISTOR 681 
3480 ALUMINUM ELECTROLYTIC CAPACITOR 51 2322 672 PTC THERMISTOR 681 
3481 ALUMINUM ELECTROLYTIC CAPACITOR 56 2322 680 SELF REGULATING PTC HEATER 679 
3487 ALUMINUM ELECTROLYTIC CAPACITOR 60 2232 691 HUMIDITY SENSOR 684 
3489 ALUMINUM ELECTROLYTIC CAPACITOR 67 703E1 POLYPROPYLENE FILM CAPACITOR 432 
3500 ALUMINUM ELECTROLYTIC CAPACITOR 69 704C1 POLYSTYRENE FILM CAPACITOR 427 
40AF WET FOIL TANTALUM CAPACITOR 281 708A1 POLYESTER FILM CAPACITOR 411 
40AG WET FOIL TANTALUM CAPACITOR 283 708B1 POLYCARBONATE FILM CAPACITOR 423 
40AW WET SLUG TANTALUM CAPACITOR 233,298 708D1 POLYESTER FILM CAPACITOR 408 
40BF WET FOIL TANTALUM CAPACITOR 282 711H POLYPROPYLENE FILM CAPACITOR 452 
40BG WET FOIL TANTALUM CAPACITOR 284 712A1 POLYESTER FILM CAPACITOR 413 
40BW WET SLUG TANTALUM CAPACITOR 238,305 719A1 POLYESTER FILM CAPACITOR 418 
40EF WET FOIL TANTALUM CAPACITOR 292 719B1 POLYCARBONATE FILM CAPACITOR 425 
40EG WET FOIL TANTALUM CAPACITOR 294 719C1 POLYSTYRENE FILM CAPACITOR 430 
40EW WET SLUG TANTALUM CAPACITOR 313 719F1 POLYPROPYLENE FILM CAPACITOR 436 
4OFF WET FOIL TANTALUM CAPACITOR 293 7T19F2 POLYPROPYLENE FILM CAPACITOR 427 
40FG WET FOIL TANTALUM CAPACITOR 295 71951 POLYESTER & PAPER FILM CAPACITOR 458 
40LW WET SLUG TANTALUM CAPACITOR 218,329 8014 CERMET TRIMMER 535 
40MS SOLID SLUG TANTALUM CAPACITOR 359 8024 CERMET TRIMMER 537 


40NS SOLID SLUG TANTALUM CAPACITOR 274,365 8026 CERMET TRIMMER 539 
40RF WET FOIL TANTALUM CAPACITOR 285 8038 CERMET TRIMMER 541 


' 
“i= 
f 
* 
‘ 
' 
73 
¥ 
2 * 
vs 
: 
j 
é7 
' 
r + 


a ee al 


ae asp 


WTOP. aa fn 


AIM 
ES a tla 


; OFA. Lge ' 
“ x iste see. cth 
or “RIT eta tes ate as 
; | 83 tall ‘ 


3 . ACTA 


i ae 


ety? NONE LA) i 
by 7 19, 5 ohaV, SPP Ne ant 
, ABA VAN’ “ties AT 

% Ay) A ew Te 
e os hin WIR OT 3 bay 
PINE eS 


| Ait aaAD reece 
a *, WAG Sik Ont z 
oe aaners a; 8 
ot ee seri, 


ie 


: : 7 y 
Pe 4} 
Ni 8 As ies 
SA) 4 
ay yt “5 
. cet 
: 
ain! Ae 
e Va 


nea 


: 
| 

LG} i 
ifn 

ta | 

tt , 

1p4 ! 

‘ ae 


Aluminum Electrolytic Capacitors 
QUICK REFERENCE INDEX 


STANDARD DC PRODUCT 


Capacitance Working Voltage Operating Temperature 
Description Range (\F) Range (Volts) Range (°C) 


AXIAL LEAD 


Nominal Case Size 
Dxl Page 
Miniature 0.177 in. x 0.394 in. to 
Long Life 1.0-15,000 —40 to +85 0.827 in. x 1.575 in. 


COMPUTER GRADE 
High Performance 1% in. x 2 in. to 
3120 Ultra Long Life 330-820,000 6.0-260 —40 to +105 3 in. x 8% in. 
Standard 1% in. x 2'/ in. to 
3186 Computer Grade 180- 1,000,000 —40 to +85 3 in. X 8% in. 18 
1% in. x 2'/s in. to 
3188 Long Life 180-950,000 —40 to +105 3 in. x 8° in. 30 
Symmetrical Tolerance 1% in. x 2'/ in. to 
3191 SMPS Output 2800-200,000 5.0-66 —40 to +85 2 in. X 5°s in. 41 
MINIATURE, RADIAL, DC PRODUCT 


Capacitance Working Voltage Operating Temperature Nominal Case Size 
Description Range (uF) Range (Volts) Range (°C) DxL 


—40 to +85 
for 100V or less 

—25 to +85 5x 11 mm to 
General Purpose 0.47-10,000 for 160V or greater 18 x 40 mm 


—55 to +105 
6.3-100V 
Low Leakage —40 to +105 5 x 11 mm to 
Extended Temperature 0.47-10,000 160-250V 18 x 40 mm 5 


1 
Low Impedance 8 x 11.5 mm to 
3481 and ESR 2.2-1,000 10-100 —55 to +105 12.5 x 42.5 mm 56 


NEW, HIGH CV, DC PRODUCT 


Nominal Case Si 
series _|__eserition 
RADIAL-TUBULAR 


Super-Snap™ Printed Circuit 22 x 25 mm to 
3487 Board Snap-!In 68-110,000 6.3-450 —40 to +85 35 x 80 mm 
Super Snap™ Printed Circuit 25 x 35 mm 
3488 Board Snap-In 150-56,000 6.3-250 —40 to +105 36 x 50 mm 63 
Super Snap™ High CV Product 25x 35 mm 
3489 For Off Line SMPS 270-4200 200-250 —40 to +85 35 x 50 mm 67 
STANDARD AC PRODUCT 
Capacitance Working Voltage Operating Temperature Nominal Case Size 
Description Range (uF) Range (Volts) Range (°C) DxL Page 
1.438 x 2.750 in. to 
AC Motor Start 21-1,200 110-330 —20 to +66 2.562 x 4.375 in. 
TECHNICAL INFORMATION 
Performance Specifications 


Application Guidelines - Computer Grade & Snap-In 
Technical Notes 
Physical Specifications 


Capacitance 
Range (,\F) 


Working Voltage 
Range (Volts) 


Operating Temperature 
Range (°C) 


Metric Conversion Table 
Summary of JIS C5141 / C5102 
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SERIES 3070 


Miniature Axial-Leaded Aluminum 


Electrolytic Capacitors 


DESCRIPTION 


Philips Components Series 3070 Aluminum Elec- 


trolytic Capacitors are mainly used for filtering, 
coupling, and decoupling. 

They are also suitable for higher-voltage, mod- 

erate-capacitance applications in power supplies, 

instrumentation and controls. The taped and 

reeled versions are excellent for automatic inser- 

tion and for cutting and forming equipment. 


These capacitors feature extremely low leakage 
current, low impedance, exceptional reliability, 
and wide operating temperature, at a very low cost. 
In construction, the capacitor has etched-alum- 
inum-foil electrodes rolled up with a porous paper 
spacer which separates the anode and the 
cathode. The spacer is impregnated with an elec- 
trolyte which is the electrical connection between 
the dielectric and the cathode foil. The electrolyte 
used offers excellent electrical characteristics 
over a wide temperature range. The capacitor is 
housed in an aluminum case covered with a 
transparent blue sleeve. 


FEATURES 


@ High CV Design. 


m@ Wide ranges of capacitances and voltages: 
1.0 to 15,000uF 6.3 to 385WVDC. 


@ Very low ESR 
B® High ripple current capability. 
@ Capacitance tolerance: —10 to +50%. 


@ Case Sizes: 
0.177.in.-by 0.394 in..to 0.827 in. by 1.575 1m 
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SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


DIMENSIONS 


UNINSULATED CASE DIMENSION* 
CASE | DimensionsinInches | [Dimensions in Millimeters 
CODE |Dnom|Lnom| C_ |[E+.039[Dnom|[Lnom[ Cc [E 


Series 3070 capacitors are marked with: 

* nominal capacitance 

* tolerance on nominal capacitance 
(where case size permits) 

- rated voltage 

* group number (ex. 030) 

* origin code 

*name of manufacturer (where case size 
permits) 

- band to identify the negative terminal 

- + sign to identify the positive terminal 
(where case size permits) 


Group Number 


030/031 
032/033 
041 
042/043 


1 
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*Insulated unit = D nom + .5mm. L nom + 5mm max. 


TAPE & REEL SPECIFICATIONS 


NEGATIVE TERMINALS ARE BLUE TAPE 


6mm=+0.5mm 


L 
= =(236"*.020" i _ 


Quantity Capacitor 
Inside Taping Distance Between Per Reel Length 
Case Size |Component Pitch “A” Spacing ‘“B” Reel Flanges Pieces “L” Max. 
5mm) +.4 63.50mm) +1.5 83.5mm 10.5mm 
DA 394" +.016 2.50" + .059 3:29" 1,000 ANG? 
10mm) +.4 63.50mm) +1.5 83.5mm 10.5mm 
10mm) +.4 73.00mm) +1.6 88.5mm 18.5mm 
394" +016 2.874" +.063 3.48" 728% 
10mm) +.4 73.00mm) +1.6 88.5mm 18.5mm 


EE 

F 
591" +.016 2.874" +.063 3.48" 500 728" 
15mm) +.75 73.00mm) +1.6 88.5mm 18.5mm 

GG 


CSA 591" +.016 2.874" +.063 3.48" 500 
15mm): =.75 73.00mm) +1.6 88.5mm 
HOW TO SPECIFY 
Philips Components Series 3070 Capacitors can be completely specified using the following designation: 
3070: FE 331 T 010 J P B 
antes Sie om ite dist 
Case Size Code Tolerance Mechanical Packaging 
T = -—10+50% Characteristics B = Standard Bulk 
J = No Epoxy T = Tape and Reel* 
A = Ammo Pack 
Philips Components ; 
Product Capacitance Voltage Insulation 
Series XX = Significant Digits 010 = 10VDC P = Standard 
(See Physical X = Multiplier 100 = 100VDC Polycarbonate 
spec) i.e. 331 = 330yuF 6P3 = 6.3VDC 
330. = 33uF 
339 = 3.3uF *Available for sizes BA, DA, EE, FE, GE & GG ONLY. 
338 = .33yF ai 
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SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


PERFORMANCE CHARACTERISTICS 
* CAPACITANCE at 120Hz, 25°C 
Rated values: 1.0uF to 15,000uF 
Tolerances: —10+50% Tolerance is stated in 
each part number. 
¢ VOLTAGE 
Rated values: (DC + peak AC) 6.3V to 385V 
Surge voltage: 1.15 X rated voltage < 250 WVDC 
1.10 X rated voltage > 350 WVDC 


¢ LEAKAGE CURRENT 
See Std. Cap. Values 
Capacitor is conditioned for 30 minutes at rated 
voltage; 24 hours later, rated voltage is 
applied for 5 minutes. 
* ESR 
See Std. Cap. Values 
Measured at 120 Hz, 25°C 


¢ RIPPLE CURRENT 
See Std. Cap. Values 
Maximum allowable ripple current at 85°C, 120Hz. 


¢ TEMPERATURE RANGE 
Operating: —55°C to +85°C for case size BA 
to GG —40°C to +85°C for case size GHto MK 


STANDARD CAPACITANCE VALUES 


Max. RMS 
Max. Ripple Max. 
ESR Current Leakage 
(QHMS) AMPS @ After 
Capacitance Philips Components Case 120 Hz 120 Hz 1 Min. 
Part Number Code 25 85 


RATED 
DC VOLTAGE 


¢ LOW TEMPERATURE PEFORMANCE (SERIE 


3073, 3074, 3075 and 3076): When measured 
at —40°C and a frequency of 120Hz, the impe- 
dance of these capacitors will not be greater 
than the value determined below. Reference 
measurements are made at 20°C and 120Hz. 


20°C IMPEDANCE 
MULTIPLIER 


Test Period 
Hours 
Rated Ripple 
DC Voltage 


ESR 
Max. 
(%)* 


Ambient 
Temp. 
(°C +3°C) 


Capacitance 
Mini. 
(%)* 


Leakage 
Current 
Max. (%)** 


Capacitor 
Series 


3073 
6.4V 
10—100V 


3074 
6.3V 
10—100V 


3075 
160V 
250—385V 


3076 
<160V 
250—385V 


*Referenced to measured initial value. **Referenced to initial specified limit. 


Max. RMS 
Max. Ripple Max. 
ESA Current Leakage 
(QHMS) AMPS @ After 
Capacitance Philips Components Case 120 Hz 120 Hz 1 Min. 
uF Part Number Code 25° 85° 


16 VDC WORKING/SURGE = 1.15 X RATED VDC 


6.3 VDC WORKING/SURGE = 1.15 X RATED VOC itu cae | ie 7% 
33 | 3073Ba330T6PaPA | Ba | 121 042 rT 3073BA330T016JPA 7.72 053 27 
68 | 3073BA680T6P3JPA | BA 5 86 053 22 3073DA6B0T016JPA 3.75 087 11 
150 | 3073DA151T6P3UPA | DA 7 66 087 10 150 | 3073EE151TO16JPA | EE 1.70 450 19 
470 | 3073FE471T6P3UPA | FE 085 790 22 220 | 3073FE221T016JPA | FE 1.16 220 26 
680 | 3073GE681T6P3JPA | GE 059 350 30 330 | 3073GE331T016JPA | GE 78 350 36 
1000 | 3073GG102T6P3UPA | GG 0.40 480 42 470 | 3073GG471T016UPA | GG 55 480 49 
1500 | 3074GH152T6P3JPB | GH 300 450 61 680 | 3074GH681T016JPB | GH 380 400 70 
2200 | 3074HH222T6P3UPB | HH 210 610 88 1000 | 3074HH102TO16JPB | HH 260 550 100 
3300 | 3074JH332T6P3UPB | JH 150 790 129 1500 | 3074JH152T016JPB | JH 210 680 148 
4700 | 3074LH472T6P3UPB | LH 120 1.000 182 2200 | 3074LH222T016JPB | LH 150 880 216 
6800 | 3074LK682T6P3JPB | LK 090 1.280 261 3300 | 3074LK332T016UPB | LK 110 1160 321 
10000 | 3074MK103T6P2uPB | MK | 070 1.570 382 4700 | 3074MK472T016NPB | MK 090 1.430 455 
15000 | 3074MK15aT6P3JeB | MK | 070 +600 571 | 6800 | 3074MK682TO16JPB. | MK | 080 1.460 657 
10 VDC WORKING/SURGE = 1.15 X RATED VDC 25 VDC WORKING/SURGE = 1.15 X RATED VDC 
22 | 3073BA220T010JPA | BA | 145 ie 042 iia ul 10 | 3073BA100T025UPA | BA | 2223 o38 «=| (43 
47 | 3073BA470T010JPA | BA 6.78 053 24 22 | 3073BA220T025JPA | BA | 10.2 043 28 
100 | 30730A101T010NPA | DA 3.19 087 10 47 | 30730A470T025JPA | DA 4.80 083 12 
220 | 3073EE221T010JPA | EE 145 150 18 100 | 3073EE101T025JPA | EE 2.23 120 19 
330 | 3073FE331T010JPA | FE 0.97 220 24 150 | 3073FE1S1TO25UPA | Fe 1.49 190 27 
470 | 3073GE471TO10JPA | GE 0.68 350 33 220 | 3073GE221T025UPA | GE 1.02 280 37 
680 | 3073GG681T010UPA | GG 0.47 480 45 330 | 3073GG331T025UPA | GG 680 350 54 
1000 | 3074GH102T010JPB | GH 320 430 64 470 | 3074GH471T025JPB | GH ‘470 360 75 
1500 | 3074HH152T010UPB | HH 250 570 94 680 | 3074HH681T025JPB | HH 320 500 106 
2200 | 3074JH222T010JPB | JH 480 740 136 1000 | 3074JH102T025JPB | JH 220 660 154 
3300 | 3074LH332T010JPB | LH 430 950 202 1500 | 3074LH152T025JPB | LH 180 810 229 
4700 | 3074LK472T010JPB | LK 100 1.220 286 2200 | 3074LK222T025UPB | LK 430 | 1,060 334 
6800 | 3074MK682T010UPB | MK |  .080 1.500 412 3300 | 3074MK332T025uPB | MK 400 | 1.340 499 
10000 | 3074MK103T010JPB [Mk | 080 1.520 | 604 |___4700 | 3074MK472T025JeB | MK 400 | 1.370 709 
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SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


STANDARD CAPACITANCE VALUES 


IV 


© 
Max. RMS “a 
Max. Ripple Max. 
ESR Current Leakage ; 
An AH OHMS AMPS @ 
Philips Components Capacitance Philips Components Case a iy pale an e 
Part Number Part Number Code 25° 85° uA 3 
40 VDC WORKING/SURGE = 1.15 X RATED VDC 160 VDC WORKING/SURGE = 1.15 X RATED VDC aa 
[68 3073BA689T040JPA 14 [ 47 | 3075EE479T160UPA | EE 53.2 026 38 o 
10 3073BA100TO40JPA 20 10 3075FE100T160JPA | FE 25.0 041 68 S 
15 3073BA150T040UPA 30 22 3075GG220T160UPA | GG 114 077 126 pt 
22 30730A220T040JPA 9 22 3076GH220T160JP8 | GH 6.80 106 42 oq 
33 3073DA330T040JPA 12 33 3076HH330T160JP8 | HH 4.50 146 58 rs) 
47 3073EE470T040JPA 16 47 3076JH470T160JPB | JH 3.20 194 78 —< 
100 3073FE101T040JPA 28 68 3076JH680T160JPB | JH 2.20 233 108 ‘< 
150 3073GE151T040JPA 40 100 3076LH101T160JPB | LH 150 313 154 fa 
220 307366221 T040JPA 57 150 3076LK151T160JPB | LK 1.00 433 226 °" 
220 3074GH221T040JPB 57 220 3076MK221T160JPB | MK | .070 571 907 
330 3074HH331T040JPB 84 : | 
470 3074HH471T040JPB 117 Q 
680 3074JH681T040JPB 167 250 VDC WORKING/SURGE = 1.15 X RATED VDC 3 
1000 SOTA LHD 2TOSOIPS 244 22 3075EE229T250JPA | cE | 132 018 28 T) 
1500 SOTStK Toe TOA0IPE 364 47 3075FE479T250JPA | FE 61.7 029 55 Ty) 
2200 3074MK222T040JPB 932 10 3075GG100T250JPA | GG 29.0 055 95 ae 
3300 3074MK332T040JPB 796 e 
us 10 3076GH100T250JPB | GH 15.0 072 33 8 
15 3076HH150T250JP8 | HH 10.0 100 44 = 
63 VDC WORKING/SURGE = 22 3076HH220T250JP8 | HH 6.80 420 60 % 
SAA Oa aTNeaL 33 3076JH330T250JPB | JH 450 162 Bd 
Sead 7BTOE IPA 47 3076LH470T250JPB | LH 3.20 215 116 
SMSRARBBTORTIEK 68 3076LK680T250JPB | LK 2.20 291 163 
rerio 100 3076MK1017250JPB | MK | 150 385 235 
3073BA159T063JPA 


3073BA229TO63UPA 7 

3073BA339TOB3JPA i) 

3073BA479T063UPA 15 3075GE479T350NPA 
3073BA689T063UPA Oe 3076GH6897T350UP8 
3073DA100T063UPA 7 3076HH100T350JP8 
3073DA1S0TO63JPA 10 3076HH150T350UPB 
3073EE220TO63UPA 13 3076JH220T350NPB 
3073FE470TO63JPA 22 3076LH330T350JPB 
3073GE680TO63UPA 30 3076LK470T350JP8 
3073GG101TO63JPA 42 3076MK680T3505PB 
3074GH15 1T063JPB 61 

3074HH221T063NPB 


3074JH331T063JPB 
3074JH471T063NPB 
3074LH681TO63PB 3075EE109T385JNPA 
3074MK102T063JPB 3075FE229T385JPA 
3074MK152T063JPB 3075GG479T385JPA 
3076GH689T385JPB 
3076HH100T385JPB 
3076HH1507T385JPB 
1.0 3073BA109T100JPA BA 128 5 3076LH220T385JPB 
ae 3073BA229T100JPA BA 57.9 in| 3076LK3301385JPB 
36 3073BA339T100JPA BA 38.6 17 3076LK470T385JPB 
47 3073DA479T100JPA DA 23.7 22 3076MK680T385JPB 
6.8 3073DA689T100JPA DA 16.4 34 
10 3073EE100T100JPA ele Whe 50 
22 3073FE220T100JPA FE 5.07 80 
33 3073GE330T100JPA GE 3.38 119 
47 3073664 70T100JPA GG ear, 33 
68 3074GH680T100JPB GH 3.03 45 
100 3074HH101T100JPB HH 2.40 64 
150 3074JH151T100JPB JH 1.60 94 
220 3074LH2217100JPB LH 1.09 136 
330 3074LK331T100JNPB LK 730 202 
470 3074MK471T100JPB MK 0) 286 
680 3074MK681T100JPB MK 420 412 
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SERIES 3070 


Miniature Axial-Leaded Aluminum Electrolytic Capacitors 


TYPICAL PERFORMANCE 


CAPACITANCE vs. TEMPERATURE 3073 


-60 -40 -20 0 20 40 60 80 
Termpicc) 
Multiplier of capacitance (C/Co) as a function of ambient 


temperature; case sizes BA to GG Co = capacitance at 20 
°C 120 Hz. 


3073/3074/3075/3076 
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Typical capacitance as a function of ambient temperature Tamb (°C) 
C, = capacitance at 25°C, 120Hz 
Boss ea current as a function + eee temperature 
3075/3076 ripple current at 85°C, 120H 
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Multiplier of capacitance (c/co) as a function of ambient temperature 
Co = capacitance at 25°C, 120 Hz 
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MULTIPLIER OF RIPPLE CURRENT Ir/ir, MULTIPLIER OF RIPPLE CURRENT Ir/fr, 


MULTIPLIER OF RIPPLE CURRENT Ir/lr, 


SERIES 3070 


Miniature Axial-Leaded Aiuminum Electrolytic Capacitors 


TYPICAL PERFORMANCE 
RIPPLE CURRENT vs. FREQUENCY 


3075/3076 
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Typical ripple current as a function of frequency ; , F 
lro = ripple current at 85°C, 120 Hz Typical ripple current as a function of frequency 
— H ° 
Ir, = ripple current at 85°C, 120 Hz. 
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Typical ripple current as a function of frequency 
Ir. = ripple current at 85°C, 120 Hz 


3074 (CASES LK—MK) 


Typical ripple current as a function of frequency 
i ripple current at 85°C, 120H. 
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SERIES 3120 


High-Performance Computer-Grade 


Extended Operating Temperature 
Range (+105°C) Long Operating Life 
(3000 hrs.) with Rated DC Voltage 
and Ripple Current. (+85°C) 


DESCRIPTION: 


Series 3120 computer-grade offer performance 
suited to applications where high CV, wide oper- 
ating temperature range, and low ESR are critical. 
They employ a newly developed non-aqueous 
environmentally acceptable glycol based elec- 
trolyte, permitting good operational characteris- 
tics at 105°C. Carefully controlled and highly 
optimized etching and anodizing processes result 
in exceptionally high CV per unit volume. Special 
computer controlled symmetrical multiple tab- 
bing techniques minimize ESR and ESL. Custom 
designed and patented case construction anchors 
the element and eliminates the need for potting 
compound. This results in a uniform space for 
gas expansion with more reliable operation of 
the safety vent. The combination of all these fea- 
tures result in longer operating and storage life. 
In addition to the above, these advanced materials 
and manufacturing processes provide Series 3120 
capacitors with high ripple-current ratings and 
low impedance and DC leakage. 


Aluminum Electrolytic Capacitors 


FEATURES: 


@ Operating temperature range: —40°C to +105°C. 


m Excellent temperature stability during 3000 
hours of life-test with rated ripple current, at 
85°C and during 500 hours at 105°C shelf-life 
test. 


m@ Very low ESR and impedance in the frequency 
range of 120 Hz to 100 kHz. 


@ High ripple-current ratings in the 120 Hz to 
100 kHz frequency range. 


m@ Voltage range: 6 to 250 WVDC. 


= Custom designed case construction* elimi- 
nates potting compound. 


For Application Guidelines see pages 82-91 


*Patent pending 
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SERIES 3120 4 


6.0 VDC WORKING 10.0 SURGE 7.5 VDC WORKING 12.0 SURGE 2 
MAX. RMS | MAX. RMS = 

MAXIMUM RIPPLE MAXIMUM RIPPLE ~ 

ESR CURRENT ESR CURRENT 5" 


CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS | CASE OHMS AMPS AT 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C 


40000 3120BA403U006AM 37000 3120BA373U7P5AM 
48000 3120BB483U006AM 44090 3120BB443U7P5AM 
64000 3120BC643U006AM 59000 3120BC593U7PS5AM 
80000 3120BD803U006AM 74000 3120BD743U7P5AM 
96000 3120BE963U006AM 89000 3120BE893U7P5AM 
100000 3120BF104U006AM 100000 3120BF104U7P5AM 
120000 3120BG124U006AM 110000 3120BG114U7P5AM 
140000 3120BH144U006AM 120000 3120BH124U7P5AM 
72000 3120DA723U006AM | 67000 3120DA673U7P5AM 
86000 3120DB863U006AM 80000 3120DB803U7P5AM 
110000 3120DC114U006AM 100000 3120DC104U7P5AM 
130000 3120DD134U006AM 130000 3120DD134U7P5AM 
170000 3120DE174U006AM 150000 3120DE154U7P5AM 
200000 3120DF204U006AM 180000 3120DF184U7P5AM 
230000 3120DG234U006AM : 200000 3120DG204U7P5AM 
250000 3120DH254U006AM ; 230000 3120DH234U7P5AM 
74000 3120EA743U006AM 69000 3120EA693U7P5AM 
100000 3120EB104U006AM 100000 3120EB104U7P5AM 
140000 3120EC144U006AM 130000 3120EC134U7P5AM 
170000 3120ED174U006AM 160000 3120ED164U7P5AM 
220000 3120EE224U006AM 200000 3120EE204U7P5AM 
260000 3120EF264U006AM 230000 3120EF234U7P5AM 
290000 3120EG294U006AM | 270000 3120EG274U7P5AM 
330000 3120EH334U006AM 310000 3120EH314U7P5AM 
180000 3120FB184U006AM | 170000 3120FB174U7P5AM 
240000 3120FC244U006AM 230000 3120FC234U7P5AM 
290000 3120FD294U006AM 290000 3120FD294U7P5AM 
370000 3120FE374U006DM 340000 3120FE344U7P5DM 
430000 3120FF434U006DM 400000 3120FF404U7P5DM 
490000 3120FG494U006DM 460000 3120FG464U7P5DM 
960000 3120FHS64U006DM 520000 3120FH524U7P5DM 
360000 3120GC364U006DM 340000 3120GC344U7P5DM 
460000 3120GD464U006DM 430000 3120GD434U7P5DM 
550000 3120GE554U006DM 510000 3120GE514U7P5DM 
640000 3120GF644U006DM 600000 3120GF604U7P5DM 
730000 3120GG734U006DM 680000 3120GG684U7P5DM 
820000 3120GH824U006DM 770000 3120GH774U7P5DM 


s4ozizedey) 213Af04}22a/7 win 
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SERIES 3120 


10.0 VDC WORKING 15.0 SURGE 


CAPACITANCE 
UF 


27000 
33000 
43000 
94000 
65000 
75000 
86000 
96000 
49000 
59000 
79000 
98000 
110000 
130000 
150000 
170000 
51000 
77000 
100000 
120000 
150000 
170000 
200000 
230000 
120000 
170000 
210000 
250000 
290000 
340000 
380000 
250000 
310000 
370000 
440000 
500000 
560000 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA273U010AM 
3120BB333U010AM 
3120B0433U010AM 
3120BD543U010AM 
3120BE653U010AM 
3120BF753U010AM 

3120BG863U010AM 
3120BH963U010AM 
3120DA493U010AM 
3120DB593U010AM 
3120D0793U010AM 
3120DD983U010AM 
3120DE114U010AM 
3120DF134U010AM 
3120DG154U010AM 
3120DH174U010AM 
3120EA513U010AM 
3120EB773U010AM 
3120EC104U010AM 
3120ED124U010AM 
3120EE154U010AM 

3120EF174U010AM 

3120EG204U010AM 
3120EH234U010AM 
3120FB124U010AM 

3120FC174U010AM 

3120FD214U010AM 

3120FE254U010DM 

3120FF294U010DM 

3120FG344U010DM 
3120FH384U010DM 
3120GC254U010DM 
3120GD314U010DM 
3120GE374U010DM 
3120GF444U010DM 
3120GG504U010DM 
3120GH564U010DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


For Application Guidelines see pages 82-91 
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MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


16.0 VDC WORKING 20.0 SURGE 


CAPACITANCE 
UF 


19000 
23000 
31000 
39000 
47000 
54000 
62000 
70000 
35000 
43000 
57000 
71000 
86000 
100000 
110000 
120000 
37000 
55000 
74000 
94000 
110000 
130000 
140000 
160000 
93000 
120000 
150000 
180000 
210000 
240000 
270000 
180000 
220000 
270000 
320000 
360000 
410000 
650000 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA193U016AM 
3120BB233U016AM 
3120BC313U016AM 
3120BD393U016AM 
3120BE473U016AM 
3120BF543U016AM 
3120BG623U016AM 
3120BH703U016AM 
3120DA353U016AM 
3120DB433U016AM 
3120DC0573U016AM 
3120DD713U016AM 
3120DE863U016AM 
3120DF104U016AM 
3120DG114U016AM 
3120DH124U016AM 
3120EA373U016AM 
3120EB553U016AM 
3120EC743U016AM 
3120ED943U016AM 
3120EE114U016AM 

3120EF134U016AM 

3120EG144U016AM 
3120EH164U016AM 
3120FB933U016AM 

3120FC124U016AM 

3120FD154U016AM 
3120FE184U016AM 

3120FF214U016AM 

3120FG244U016DM 
3120FH274U016DM 
3120GC184U016DM 
3120GD224U016DM 
3120GE274U016DM 
3120GF324U016DM 
3120GG364U016DM 
3120GH414U016DM 
3120GN654U016DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


7.0 

8.2 

9.8 
11.3 
12.6 
14.2 
15.4 
16.4 
11.6 
12.0 
16.0 
18.2 
20.3 
20.3 
21.9 
29.3 

9.6 
14.0 
16.6 
16.9 
18.9 
20.8 
24.7 
26.4 
18.5 
21.7 
24.6 
od 2 
29.6 
31.8 
33.8 
26.9 
30.3 
34.5 
37.4 
38.7 
42.7 
45.0 
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SERIES 3120 4 


20.0 VDC WORKING 24.0 SURGE 25.0 VDC WORKING 40.0 SURGE 2 

MAX. RMS MAX. RMS Ss 

MAXIMUM | RIPPLE MAXIMUM | RIPPLE = 

ESR CURRENT ESR CURRENT ~ 

CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT =} 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25¢ | 120HZ,85C & 
18000 3120BA183U020AM 13000 3120BA133U025AM = 
21000 3120BB213U020AM 16000 3120BB163U025AM rej 
29000 3120BC293U020AM 21000 3120BC213U025AM = 
36000 3120BD363U020AM 26000 3120BD263U025AM ° 
43000 3120BE433U020AM 32000 3120BE323U025AM 2 
50000 3120BF503U020AM 36000 3120BF363U025AM = 
57000 3120BG573U020AM 42000 3120BG423U025AM is) 
64000 3120BH643U020AM 47000 3120BH473U025AM <= 
32000 3120DA323U020AM 24000 3120DA243U025AM “ 
39000 3120DB393U020AM 28000 3120DB283U025AM = 

52000 3120DC523U020AM 38000 3120DC383U025AM 

65000 3120DD653U020AM 48000 3120DD483U025AM 9 
79000 3120DE793U020AM 57000 3120DE573U025AM ) 
92000 3120DF923U020AM 67000 3120DF673U025AM 3 
100000 3120DG104U020AM 77000 3120D6773U025AM 9) 
410000 3120DH114U020AM 86000 3120DH863U025AM 7) 
34000 3120EA343U020AM 25000 3120EA253U025AM Pt 
51000 3120EB513U020AM 37000 3120EB373U025AM a 
68000 3120EC683U020AM 50000 3120EC503U025AM ~ 
85000 3120ED853U020AM 62000 3120ED623U025AM 7) 


100000 3120EE104U020AM 
110000 3120EF114U020AM 
130000 3120EG134U020AM 
150000 3120EH154U020AM 
85000 3120FB853U020AM 
110000 3120FC114U020AM 
140000 3120FD144U020AM 
170000 3120FE174U020AM 
190000 3120FF194U020AM 
220000 3120FG224U020DM 
290000 3120FH254U020DM 
160000 3120GC164U020AM 
210000 3120GD214U020DM 
250000 3120GE254U020DM 
290000 3120GF294U020DM 
330000 3120GG334U020DM 
370000 3120GH374U020DM 
620000 3120GN624U020DM 


75000 3120EE753U025AM 

87000 3120EF873U025AM 
100000 3120EG104U025AM 
110000 3120EH114U025AM 

62000 3120FB623U025AM 
83000 3120FC833U025AM 
100000 3120FD104U025AM 
120000 3120FE124U025AM 
140000 3120FF144U025AM 
160000 3120FG164U025AM 
180000 3120FH184U025DM 
120000 3120GC124U025AM 
150000 3120GD154U025AM 
180000 3120GE184U025AM 
210000 3120GF214U025DM 
240000 3120GG244U025DM 
270000 3120GH274U025DM 
450000 3120GN454U025DM 
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SERIES 3120 


30.0 VDC WORKING 45.0 SURGE 35.0 VDC WORKING 50.0 SURGE 

te MAX. RMS MAX. RMS 
| MAXIMUM | RIPPLE MAXIMUM | RIPPLE 
= ESR CURRENT ESR CURRENT 
i CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT 
3 UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C 
¢ 11000 3120BA113U030AM 7800 3120BA782U035AM 

= 13000 3120BB133U030AM ; 9400 3120BB942U035AM 

re 18000 3120BC183U030AM 12000 3120BC123U035AM 

mt 23000 3120BD233U030AM 15000 3120BD153U035AM 

® 27000 3120BE273U030AM 18000 3120BE183U035AM 

‘Y) 31000 3120BF313U030AM 21000 3120BF213U035AM 

> 36000 3120BG363U030AM 24000 3120BG243U035AM 

6 41000 3120BH413U030AM : 27000 3120BH273U035AM 

= 20000 3120DA203U030AM 14000 3120DA143U035AM 

< 25000 3120DB253U030AM 17000 3120DB173U035AM 

a9 33000 3120DC333U030AM 22000 3120DC223U035AM 

Yr) 41000 3120DD413U030AM 28000 3120DD283U035AM 

e) 50000 3120DE503U030AM 34000 3120DE343U035AM 

& 58000 3120DF583U030AM 39000 3120DF393U035AM 

"Ey 67000 3120DG673U030AM 45000 3120DG453U035AM 

yy 75000 3120DH753U030AM 51000 3120DH513U035AM 

eg 21000 3120EA213U030AM 14000 3120EA143U035AM 

Be, 32000 3120EB323U030AM 22000 3120EB223U035AM 

S 43000 3120EC433U030AM 29000 3120EC293U035AM 

~ 54000 3120ED543U030AM 36000 3120ED363U035AM 

7) 65000 3120EE653U030AM 44000 3120EE443U035AM 


76000 3120EF763U030AM 51000 3120EF513U035AM 
86000 3120EG863U030AM 58000 3120EG583U035AM 
97000 3120EH973U030AM 66000 3120EH663U035AM 
54000 3120FB543U030AM 36000 3120FB363U035AM 
72000 3120FC723U030AM ; 49000 3120FC493U035AM 
90000 3120FD903U030AM 61000 3120FD613U035AM 
100000 3120FE104U030AM 73000 3120FE733U035AM 
120000 3120FF124U030AM 85000 3120FF853U035AM 
140000 3120FG144U030AM 98000 3120FG983U035AM 
160000 3120FH164U030DM 110000 3120FH114U035DM 
100000 3120GC104U030AM 72000 3120GC723U035AM 
130000 3120GD134U030AM 90000 3120GD903U035AM 
160000 3120GE164U030AM 100000 3120GE104U035AM 
180000 3120GF184U030DM 120000 3120GF124U035AM 
210000 3120GG214U030DM 140000 3120GG144U035AM 
240000 3120GH244U030DM 160000 3120GH164U035DM 
390000 3120GN394U030DM 260000 3120GN264U035DM 
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SERIES 3120 4 


40.0 VDC WORKING 60.0 SURGE 50.0 VDC WORKING 75.0 SURGE aS 
= 
MAX. RMS MAX. RMS & 
MAXIMUM RIPPLE MAXIMUM RIPPLE = 
ESR CURRENT ESR CURRENT ~ 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT ~| 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C < 
5300 3120BA532U040AM 4400 3120BA442U050AM 3 
6400 3120BB642U040AM d 5200 3120BB522U050AM Fry 
8500 3120BC852U040AM 7000 3120BC702U050AM ~~ 
10000 3120BD103U040AM : 8800 3120BD882U050AM 1) 
12000 3120BE123U040AM 10000 3120BE103U050AM ©) 
14000 3120BF143U040AM ; 12000 3120BF123U050AM + 
16000 3120BG163U040AM 13000 3120BG133U050AM 8 
18000 3120BH183U040AM . 15000 3120BH153U050AM > 
9600 3120DA962U040AM 7900 3120DA792U050AM pat 
10000 3120DB113U040AM 9500 3120DB952U050AM may 
15000 3120DC0153U040AM 12000 3120DC0123U050AM ¢) 
19000 3120DD193U040AM 15000 3120DD153U050AM Q 
23000 3120DE233U040AM 19000 3120DE193U050AM Q 
27000 3120DF273U040AM 22000 3120DF223U050AM 3 
31000 3120DG313U040AM 25000 3120DG253U050AM Q) 
34000 3120DH343U040AM 28000 3120DH283U050AM e 
10000 3120EA103U040AM 8200 3120EA822U050AM ~y 
15000 3120EB153U040AM 12000 3120EB123U050AM ra 
20000 3120EC203U040AM : 16000 3120EC163U050AM = 
25000 3120ED253U040AM 20000 3120ED203U050AM 7) 


30000 3120EE303U040AM 24000 3120EE243U050AM 
35000 3120EF353U040AM 28000 3120EF283U050AM 
40000 3120EG403U040AM : 33000 3120EG333U050AM 
45000 3120EH453U040AM 37000 3120EH373U050AM 
25000 3120FB253U040AM 20000 3120FB203U050AM 
33000 3120FC333U040AM 27000 3120FC273U050AM 
41000 3120FD413U040AM ; 34000 3120FD343U050AM 
50000 3120FE503U040AM : 41000 3120FE413U050AM 
58000 3120FG583U040AM | 48000 3120FF483U050AM 
67000 3120FG673U040AM 99000 3120FG553U050AM 
75000 3120FH753U040AM 62000 3120FH623U050AM 
49000 3120GC493U040AM j 40000 3120GC403U050AM 
61000 3120GD613U040AM : 50000 3120GD503U050AM 
74000 3120GE743U040AM 60000 3120GE603U050AM 
86000 3120GF863U040AM : 71000 3120GF713U050AM 
98000 3120GG983U040AM 81000 3120GG813U050AM 
110000 3120GH114U040DM 91000 3120GH913U040DM 
180000 3120GN184U040DM 140000 3120GN144U050DM 


Philips Components ¢ 6071 St. Andrews Road * Columbia, SC 29212-3198 * (803) 772-2500 ° FAX: (803) 772-2445 13 


b 
~ 


Gin 


zAjO4ZIAsIFZ Un 


JI 


s4owoede) 


SERIES 3120 


14 


60.0 VDC WORKING 90.0 SURGE 


CAPACITANCE 
UF 


4000 
4800 
6400 
8000 
9600 
11000 
12000 
14000 
7200 
8600 
11000 
14000 
17000 
20000 
23000 
26000 
7500 
11000 
15000 
18000 
22000 
26000 
30000 
33000 
18000 
25000 
31000 
37000 
43000 
50000 
96000 
36000 
46000 
99000 
64000 
73000 
83000 
130000 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA402T060AM 
3120BB482T060AM 
3120BC642T060AM 
3120BD802T060AM 
3120BE962TO60AM 
3120BF113T060AM 
3120BG123T060AM 
3120BH143T060AM 
3120DA722T060AM 
3120DB862T060AM 
3120D0113T060AM 
3120DD143T060AM 
3120DE173T060AM 
3120DF203T060AM 
3120DG233T060AM 
3120DH263T060AM 
3120EA752T060AM 
3120EB113T060AM 
3120EC153T060AM 
3120ED183T060AM 
3120EE223T060AM 

3120EF263T060AM 

3120EG303T060AM 
3120EH333T060AM 
3120FB183T060AM 

3120FC253T060AM 

3120FD313T060AM 

3120FE373T060AM 

3120FF433T060AM 

3120FG503T060AM 

3120FH563T060AM 

3120GC363T060AM 
3120GD463T060AM 
3120GE553T060AM 

3120GF643T060AM 

3120GG733T060DM 
3120GH833T060DM 
3120GN134T060DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


75.0 VDC WORKING 100.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA252T075AM 
3120BB302T075AM 
3120BC0402T075AM 
3120BD502T075AM 
3120BE612T075AM 
3120BF702T075AM 
3120BG802T075AM 
3120BH902T075AM 
3120DA462T075AM 
3120DB552T075AM 
3120DC732T075AM 
3120DD922T075AM 
3120DE113T075AM 
3120DF123T075AM 
3120DG143T075AM 
3120DH163T075AM 
3120EA472T075AM 
3120EB712T075AM 
3120EC952T075AM 
3120ED113T075AM 
3120EE143T075AM 

3120EF163T075AM 

3120EG193T075AM 
3120EH213T075AM 
3120FB103T075AM 

3120FC133T075AM 

3120FD173T075AM 

3120FE203T075AM 

3120FF243T075AM 

3120FG273T075AM 

3120FH313T075AM 

3120GC203T075AM 
3120GD253T075AM 
3120GE303T075AM 
3120GF353T075AM 

3120GG403T075AM 
3120GH453T075AM 
3120GN743T075DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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85.0 VDC WORKING 105.0 SURGE 


CAPACITANCE 
UF 
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PHILIPS COMPONENTS 


PART NUMBER 


3120BA152T085AM 
3120BB182T085AM 
3120BC252T085AM 
3120BD312T085AM 
3120BE372T085AM 
3120BF432T085AM 
3120BG492T085AM 
3120BH552T085AM 
3120DA282T085AM 
3120DB342T085AM 
3120D0452T085AM 
3120DD572T085AM 
3120DE682T085AM 
3120DF802T085AM 
3120DG912T085AM 
3120DH103T085AM 
3120EA292T085AM 
3120EB442T085AM 
3120EC592T085AM 
3120ED742T085AM 
3120EE892T085AM 
3120EF103T085AM 
3120EG113T085AM 
3120EH133T085AM 
3120FB642T085AM 
3120FC852T085AM 
3120FD103T085AM 
3120FE123T085AM 
3120FF153T085AM 
3120FG173T085AM 
3120FH193T085AM 
3120GC123T085AM 
3120GD153T085AM 
3120GE183T085AM 
3120GF223T085AM 
3120GG253T085AM 
3120GH283T085AM 
3120GN463T085DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


CAPACITANCE 
UF 


SERIES 3120 


100.0 VDC WORKING 150.0 SURGE 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA871T100AM 
3120BB102T100AM 
3120B0132T100AM 
3120BD172T100AM 
3120BE202T100AM 
3120BF232T100AM 

3120BG272T100AM 
3120BH302T100AM 
3120DA152T100AM 
3120DB182T100AM 
3120D0252T100AM 
3120DD312T100AM 
3120DE372T100AM 
3120DF442T100AM 
3120DG502T100AM 
3120DH562T100AM 
3120EA162T100AM 
3120EB242T100AM 
3120EC322T100AM 
3120ED402T100AM 
3120EE482T100AM 

3120EF572T100AM 

3120EG652T100AM 
3120EH732T100AM 
3120FB352T 100AM 

3120FC472T100AM 

3120FD592T100AM 
3120FE712T100AM 

3120FF832T 100AM 

3120FG942T100AM 
3120FH103T100AM 
3120GC702T100AM 
3120GD872T100AM 
3120GE103T100AM 
3120GF123T100AM 
3120GG143T100AM 
3120GH153T100AM 
3120GN253T100DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3120 


16 


125.0 VDC WORKING 150.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA621T125AM 
3120BB741T125AM 
3120BC991T125AM 
3120BD122T125AM 
3120BE142T125AM 
3120BF172T125AM 
3120BG192T125AM 
3120BH222T125AM 
3120DA112T125AM 
3120DB132T125AM 
3120DC0182T125AM 
3120DD222T125AM 
3120DE272T125AM 
3120DF312T125AM 
3120DG362T125AM 
3120DH402T125AM 
3120EA112T125AM 
3120EB172T125AM 
3120EC232T125AM 
3120ED292T125AM 
3120EE352T125AM 

3120EF412T125AM 

3120EG472T125AM 
3120EH532T125AM 
3120FB292T125AM 

3120FC392T125AM 

3120FD492T125AM 
3120FE592T125AM 

3120FF692T125AM 

3120FG782T125AM 
3120FH882T125AM 
3120GC582T125AM 
3120GD722T125AM 
3120GE872T125AM 
3120GF103T125AM 

3120GG113T125AM 
3120GH133T125AM 
3120GN213T125DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


150.0 VDC WORKING 200.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA561T150AM 
3120BB681T150AM 
3120BC931T150AM 
3120BD112T150AM 
3120BE142T150AM 
3120BF162T150AM 
3120BG182T150AM 
3120BH202T150AM 
3120DA102T150AM 
3120DB122T150AM 
3120D0172T150AM 
3120DD212T150AM 
3120DE252T150AM 
3120DF292T150AM 
3120DG342T150AM 
3120DH382T150AM 
3120EA102T150AM 
3120EB162T150AM 
3120EC222T150AM 
3120ED272T150AM 
3120EE332T150AM 
3120EF382T150AM 
3120EG442T150AM 
3120EH492T150AM 
3120FB262T150AM 
3120FC372T150AM 
3120FD462T150AM 
3120FE552T150AM 
3120FF642T150AM 
3120FG742T150AM 
3120FH832T150AM 
3120GC542T150AM 
3120GD682T150AM 
3120GE822T150AM 
3120GF952T150AM 
3120GG103T150AM 
3120GH113T150AM 
3120GN203T150DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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200.0 VDC WORKING 250.0 SURGE 


CAPACITANCE 
UF 
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PHILIPS COMPONENTS 


PART NUMBER 


3120BA421T200AM 
3120BB501T200AM 
3120BC691T200AM 
3120BD871T200AM 
3120BE102T200AM 
3120BF112T200AM 
3120BG132T200AM 
3120BH152T200AM 
3120DA771T200AM 
3120DB921T200AM 
3120D0122T200AM 
3120DD152T200AM 
3120DE192T200AM 
3120DF222T200AM 
3120DG252T200AM 
3120DH282T200AM 
3120EA791T200AM 
3120EB112T200AM 
3120EC162T200AM 
3120ED202T200AM 
3120EE242T200AM 
3120EF282T200AM 
3120EG332T200AM 
3120EH372T200AM 
3120FB202T200AM 
3120FC272T200AM 
3120FD342T200AM 
3120FE412T200AM 
3120FF482T200AM 
3120FG552T200AM 
3120FH622T200AM 
3120GC402T200AM 
3120GD502T200AM 
3120GE612T200AM 
3120GF712T200AM 
3120GG812T200AM 
3120GH912T200AM 
3120GN143T200DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


CAPACITANCE 
UF 


SERIES 3120 


250.0 VDC WORKING 300.0 SURGE 


PHILIPS COMPONENTS 


PART NUMBER 


3120BA331T250AM 
3120BB391T250AM 
3120BC0541T250AM 
3120BD681T250AM 
3120BE811T250AM 
3120BF931T250AM 
3120BG102T250AM 
3120BH112T250AM 
3120DA601T250AM 
3120DB721T250AM 
3120D0991T250AM 
3120DD122T250AM 
3120DE142T250AM 
3120DF172T250AM 
3120DG192T250AM 
3120DH222T250AM 
3120EA621T250AM 
3120EB931T250AM 
3120EC122T250AM 
3120ED162T250AM 
3120EE192T250AM 
3120EF222T250AM 
3120EG252T250AM 
3120EH292T250AM 
3120FB152T250AM 
3120FC212T250AM 
3120FD272T250AM 
3120FE322T250AM 
3120FF372T250AM 
3120FG432T250AM 
3120FH482T250AM 
3120GC312T250AM 
3120GD392T250AM 
3120GE472T250AM 
3120GF552T250AM 
3120GG632T250AM 
3120GH712T250AM 
3120GN113T250DM 


MAX. RMS 
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SERIES 3186 


Computer Grade Capacitors 


Computer-Grade Aluminum 


Electrolytic Capacitors 


DESCRIPTION: 


Philips Components’ Series 3186 Computer- 
Grade Aluminum Electrolytic Capacitors are 
designed for use in the most demanding data- 
system and industrial-control applications. They 
provide the highest attainable reliability in this 
Class of capacitors, with generous safety margins 


insured by computer designing and painstaking 
manufacturing control. 


This family of capacitors offers the widest range 
of capacity/voltage combinations ever offered 
in heavy-duty computer-grade electrolytics. 
Combined with 39 standard case sizes and five 
terminal options, the Series 3186 Capacitors can 
provide a suitable standard product for nearly 
every application. In addition, the ripple-current 
ratings for these units meet or exceed all indus- 
try requirements for similar products. These 
Capacitors are suitable for all applications where 
long life at high operating temperatures without 
derating is required in a standard computer- 
grade product. 


FEATURES: 


@ 1000 Hours Operating Life at 85°C with ripple. 
@ Highest Capacitance per case size. 


@ Meets or exceeds all requirements for ElA- 
RS395 for type II capacitors. 


= Computer-designed for optimum performance. 
@ Three Standard Insulation Thicknesses. 

@ 39 Standard Case Sizes. 

@ Pressure-Sensitive Safety Vent. 
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SERIES 3186 


6.5 VDC WORKING 9 SURGE 7.5 VDC WORKING 9 SURGE = 
MAX. RMS MAX. RMS 5 
MAXIMUM | RIPPLE MAXIMUM | RIPPLE 
ESR | CURRENT ESR | CURRENT | = 
CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPSAT |  g& 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 12oH2,25¢ | t20Hz,e8¢ |S 
51000 3186BA513U6P5AM | 46000 3188BA463U7P5AM 
61000 31 86BB613U6P5AM | 56000 3186BB563U7P5AM m 
82000 3186BC823U6P5AM 74000 3186BC743U7P5AM ® 
100000 3186BD104U6P5AM 93000 3186BD933U7P5AM 5 
110000 3186BE114U6P5AM | 100000 3186BE104U7P5AM o 
130000 31 86BF134U6P5AM | 120000 31 86BF124U7PSAM CQ 
150000 3186BG154U6P5AM bone 140000 3186BG144U7P5AM = 
180000 31 86BH184U6P5AM ) 160000 3186BH164U7PSAM ‘< 
91000 3186DA913U6P5AM | 83000 | 3186DA833U7P5AM o 
100000 3186DB104U6P5AM 3 99000 3186DB993U7PSAM 5" 
140000 3186DC144U6P5AM ) 130000 3186DC134U7P5AM 
180000 3186DD184U6P5AM ) 160000 3186DD164U7P5AM ¢) 
210000 3186DE214USP5AM | 190000 3186DE194U7P5AM 2 
250000 31 86DF254U6P5AM | 230000 3186DF234U7P5AM 
290000 3186DG294U6P5AM | 260000 3186DG264U7P5AM S 
320000 3186DH324U6P5AM | 290000 3186DH294U7P5AM 8 
110000 3186EA114U6P5AM 100000 3186EA104U7P5AM ee 
130000 3186EB134U6P5AM | 120000 3186EB124U7P5AM J 
180000 3186EC1 84U6P5AM | 160000 3186EC164U7P5AM PD 


230000 3186ED234U6P5AM 210000 3186ED214U7P5AM 
260000 3186EE264U6P5AM 290000 3186EE254U7P5AM 
330000 3186EF334U6P5AM , 280000 3186EF284U7P5AM 
370000 3186EG374U6P5AM : 340000 3186EG344U7P5AM 
420000 3186EH424U6P5AM 380000 3186EH384U7P5AM 
230000 3186FB234U6P5AM é 210000 3186FB214U7P5AM 
310000 3186FC314U6P5AM , 280000 3186FC284U7P5AM 
390000 3186FD394U6P5AM 350000 3186FD354U7P5AM 
470000 3186FE474U6P5AM : 430000 3186FE434U7P5AM 
990000 3186FF554U6P5AM 500000 3186FF504U7P5AM 
630000 3186FG634U6P5AM 570000 3186FG5/4U7P5AM 
710000 3186FH714U6P5AM ; 640000 3186FH644U7P5AM 
460000 3186GC464U6P5AM 420000 3186GC424U7P5AM 
580000 3186GD584U6P5AM ; 530000 3186GD534U7P5AM 
690000 3186GE694U6P5DM : 630000 3186GE634U7P5DM 
810000 3186GF814U6P5DM 740000 3186GF744U7P5DM 
930000 3186GG934U6P5DM ; 840000 3186GG844U7P5DM 
1000000 3186GH105U6P5DM 950000 3186GH954U7P5DM 
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SERIES 3186 


b 10.0 VDC WORKING 12.0 SURGE 15.0 VDC WORKING 18.0 SURGE 
~~ MAX. RMS MAX. RMS 
_ MAXIMUM RIPPLE MAXIMUM RIPPLE 
~ ESR CURRENT ESR CURRENT 
we CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT 
= UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C 
= 41000 3186BA413U010AM 30000 3186BA303U015AM 
49000 3186BB493U010AM 36000 3186BB363U015AM 
a 65000 3186BC653U010AM 48000 3186BC483U015AM 
o 82000 3186BD823U010AM 60000 3186BD603U015AM 
rs 98000 3186BE983U010AM 72000 3186BE723U015AM 
ras 110000 3186BF114U010AM 84000 3186BF843U015AM 
“ 120000 3186BG124U010AM 97000 3186BG973U015AM 
Ls) 140000 3186BH144U010AM 100000 3186BH104U015AM 
< 73000 3186DA733U010AM 53000 3186DA533U015AM 
=, 87000 3186DB873U010AM 64000 3186DB643U015AM 
S 110000 3186DC114U010AM 86000 3186DC863U015AM 
140000 3186DD144U010AM 100000 3186DD104U015AM 
CS 170000 3186DE174U010AM 120000 3186DE124U015AM 
Eh) 200000 3186DF204U010AM 150000 3186DF154U015AM 
xs) 230000 3186DG234U010AM 170000 3186DG174U015AM 
% 260000 3186DH264U010AM 190000 3186DH194U015AM 
® 94000 3186EA943U010AM 69000 3186EA693U015AM 
~t 110000 3186EB114U010AM 83000 3186EB833U015AM 
8 140000 3186EC144U010AM 110000 3186EC114U015AM 
>. 180000 3186ED184U010AM 130000 3186ED134U015AM 
% 220000 3186EE224U010AM 160000 3186EE164U015AM 


250000 3186EF254U010AM 

290000 3186EG294U010AM 
340000 3186EH344U010AM 
180000 3186FB184U010AM 
250000 3186FC254U010AM 
310000 3186FD314U010AM 
370000 3186FE374U010AM 

440000 3186FF444U010AM 

500000 3186FG504U010AM 
560000 3186FH564U010AM 
370000 3186GC374U010AM 
460000 3186GD464U010AM 
550000 3186GE554U010AM 
650000 3186GF654U010DM 
740000 3186GG744U010DM 
830000 3186GH834U010DM 


190000 3186EF194U015AM 
220000 3186EG224U015AM 
250000 3186EH254U015AM 
130000 3186FB134U015AM 
180000 3186FC184U015AM 
230000 3186FD234U015AM 
270000 3186FE274U015AM 
320000 3186FF324U015AM 
370000, 3186FG374U015AM 
410000 3186FH414U015AM 
270000 3186GC274U015AM 
340000 3186GD344U015AM 
410000 3186GE414U015AM 
480000 3186GF484U015AM 
540000 3186GG544U015DM 
610000 3186GH614U015DM 
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SERIES 3186 1 


20.0 VDC WORKING 24.0 SURGE 25.0 VDC WORKING 30.0 SURGE a 

MAX. RMS MAX. RMS is 

MAXIMUM | RIPPLE MAXIMUM | RIPPLE eI 
ESR CURRENT | ESR CURRENT “ 

CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT ~} 
UF PART NUMBER 120HZ,25C UF PART NUMBER 120HZ,25C | 120HZ,85C S 
25000 3186BA253U020AM 20000 3186BA203U025AM 3 
30000 3186BB303U020AM 24000 3186BB243U025AM ey 
41000 3186BC413U020AM 32000 3186BC323U025AM ™ 
51000 3186BD513U020AM 40000 3186BD403U025AM S 
61000 3186BE613U020AM ; 48000 3186BE483U025AM sf 
72000 3186BF723U020AM 56000 3186BF563U025AM ey 
82000 3186BG823U020AM 64000 3186BG643U025AM (s) 
92000 3186BH923U020AM 72000 3186BH723U025AM < 
45000 3186DA453U020AM 35000 3186DA353U025AM eb 
55000 3186DB553U020AM 42000 3186DB423U025AM as 
73000 3186DC733U020AM ig? 57000 3186DC573U025AM Tr) 
91000 3186DD913U020AM 71000 3186DD713U025AM >) 
110000 3186DE114U020AM ' 85000 3186DE853U025AM % 
120000 3186DF124U020AM 100000 3186DF104U025AM 3 
140000 3186DG144U020AM 9 | 110000 3186DG114U025AM 9 
160000 3186DH164U020AM ‘oo a 120000 3186DH124U025AM 8 
59000 3186EA593U020AM 46000 3186EA463U025AM ~t 
71000 3186EB713U020AM 55000 3186EB553U025AM & 
95000 3186EC953U020AM 74000 3186EC743U025AM mp 
110000 3186ED114U020AM . 92000 3186ED923U025AM 7) 


140000 3186EE144U020AM , 110000 3186EE114U025AM 
160000 3186EF164U020AM 120000 3186EF124U025AM 
190000 3186EG194U020AM 140000 3186EG144U025AM 
210000 3186EH214U020AM : 160000 3186EH164U025AM 
110000 3186FB114U020AM 92000 3186FB923U025AM 
150000 3186FC154U020AM 120000 3186FC124U025AM 
190000 3186FD194U020AM 150000 3186FD154U025AM 
230000 3186FE234U020AM 180000 3186FE184U025AM 
270000 3186FF274U020AM ; 210000 3186FF214U025AM 
310000 3186FG314U020AM 240000 3186FG244U025AM 
350000 3186FH354U020AM : 270000 3186FH274U025AM 
230000 3186GC234U020AM 180000 3186GC184U025AM 
290000 3186GD294U020AM : 220000 3186GD224U025AM 
350000 3186GE354U020AM ; 270000 3186GE274U025AM 
400000 3186GF404U020AM 310000 3186GF314U025AM 
460000 3186GG464U020DM 360000 3186GG364U025DM 
520000 3186GH524U020DM : 410000 3186GH414U025DM 
650000 3186GN654U025DM 
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SERIES 3186 


CAPACITANCE 


22 


UF 


13000 
16000 
21000 
26000 
32000 
37000 
42000 
48000 
23000 
28000 
37000 
47000 
56000 
66000 
75000 
85000 
30000 
36000 
49000 
61000 
73000 
85000 
98000 
110000 
61000 
81000 
100000 
120000 
140000 
160000 
180000 
120000 
150000 
180000 
210000 
240000 
270000 
430000 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA133U030AM 
3186BB163U030AM 
3186BC213U030AM 
3186BD263U030AM 
3186BE323U030AM 
3186BF373U030AM 

3186BG423U030AM 
3186BH483U030AM 
3186DA233U030AM 
3186DB283U030AM 
3186DC373U030AM 
3186DD473U030AM 
3186DE563U030AM 
3186DF663U030AM 
3186DG753U030AM 
3186DH853U030AM 
3186EA303U030AM 
3186EB363U030AM 
3186EC493U030AM 
3186ED613U030AM 
3186EE733U030AM 

3186EF853U030AM 

3186EG983U030AM 
3186EH114U030AM 
3186FB613U030AM 

3186FC813U030AM 

3186FD104U030AM 
3186FE124U030AM 

3186FF144U030AM 

3186FG164U030AM 

3186FH184U030AM 

3186GC124U030AM 
3186GD154U030AM 
3186GE184U030AM 
3186GF214U030AM 

3186GG244U030AM 
3186GH274U030AM 
3186GN434U030DM 


30.0 VDC WORKING 40.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


35.0 VDC WORKING 45.0 SURGE 


CAPACITANCE 
UF 


11000 
13000 
18000 
23000 
27000 
32000 
36000 
41000 
20000 
24000 
32000 
40000 
48000 
56000 
65000 
73000 
26000 
31000 
42000 
52000 
63000 
73000 
84000 
94000 
52000 
70000 
87000 
100000 
120000 
140000 
150000 
100000 
120000 
150000 
180000 
200000 
230000 
370000 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA113U035AM 
3186BB133U035AM 
3186BC183U035AM 
3186BD233U035AM 
3186BE273U035AM 
3186BF323U035AM 

3186BG363U035AM 
3186BH413U035AM 
3186DA203U035AM 
3186DB243U035AM 
3186DC0323U035AM 
3186DD403U035AM 
3186DE483U035AM 
3186DF563U035AM 
3186DG653U035AM 
3186DH733U035AM 
3186EA263U035AM 
3186EB313U035AM 
3186EC423U035AM 
3186ED523U035AM 
3186EE633U035AM 

3186EF733U035AM 

3186EG843U035AM 
3186EH943U035AM 
3186FB523U035AM 

3186FC703U035AM 

3186FD873U035AM 

3186FE104U035AM 

3186FF124U035AM 

3186FG144U035AM 

3186FH154U035AM 

3186GC104U035AM 
3186GD124U035AM 
3186GE154U035AM 
3186GF184U035AM 

3186GG204U035AM 
3186GH234U035AM 
3186GN374U035DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3186 


40.0 VDC WORKING 50.0 SURGE 50.0 VDC WORKING 65.0 SURGE b 
MAX. RMS MAX. RMS ° 
MAXIMUM RIPPLE MAXIMUM RIPPLE = 
ESR CURRENT ESR CURRENT “a 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT a} 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C = 
9800 3186BA982U040AM 7700 3186BA772U050AM 3 
11000 3186BB113U040AM 9300 3186BB932U050AM " 
15000 3186BC153U040AM 12000 3186BC123U050AM — 
19000 3186BD193U040AM 15000 3186BD153U050AM © 
23000 3186BE233U040AM 18000 3186BE183U050AM iY) 
27000 3186BF273U040AM 21000 3186BF213U050AM ¢ 
31000 3186BG313U040AM ; 24000 3186BG243U050AM 8 
35000 3186BH353U040AM 28000 3186BH283U050AM = 
17000 3186DA173U040AM ; 13000 3186DA133U050AM = 
20000 3186DB203U040AM 16000 3186DB163U050AM s 
27000 3186DC273U040AM 22000 3186DC223U050AM ir) 
34000 3186DD343U040AM 27000 3186DD273U050AM Q 
41000 3186DE413U040AM 33000 3186DE333U050AM g 
48000 3186DF483U040AM 38000 3186DF383U050AM 3S 
95000 3186DG553U040AM : 44000 3186DG443U050AM g 
62000 3186DH623U040AM ; 49000 3186DH493U050AM 9S 
22000 3186EA223U040AM 17000 3186EA173U050AM ba 
27000 3186EB273U040AM 21000 3186EB213U050AM o 
36000 3186EC363U040AM 28000 3186EC283U050AM ~ 
45000 3186ED453U040AM 35000 3186ED353U050AM 7) 


54000 3186EE543U040AM 42000 3186EE423U050AM 
63000 3186EF633U040AM ; 50000 3186EF503U050AM 
72000 3186EG723U040AM 57000 3186EG573U050AM 
81000 3186EH813U040AM ; 64000 3186EH643U050AM 
45000 | 3186FB453U040AM 35000 3186FB353U050AM 
60000 3186FC603U040AM 47000 3186FC473U050AM 
75000 3186FD753U040AM 99000 3186FD593U050AM 
90000 3186FE903U040AM : 71000 3186FE713U050AM 
100000 3186FF104U040AM 83000 3186FF833U050AM 
120000 3186FG124U040AM ; 95000 3186FG953U050AM 
130000 3186FH134U040AM 100000 3186FH104U050AM 
88000 3186GC883U040AM 70000 3186GC703U050AM 
110000 3186GD114U040AM 87000 3186GD873U050AM 
130000 3186GE134U040AM 100000 3186GE104U050AM 
150000 3186GF154U040AM 120090 3186GF124U050AM 
170000 3186GG174U040AM ; 140000 3186GG144U050AM 
190000 3186GH194U040AM 150000 3186GH154U050AM 
320000 3186GN324U040DM 250000 3186GN254U050DM 
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SERIES 3186 


~ 63.0 VDC WORKING 85.0 SURGE 75.0 VDC WORKING 95.0 SURGE 
“en MAX. RMS MAX. RMS 
iS MAXIMUM | RIPPLE MAXIMUM | RIPPLE 
= ESR | CURRENT ESR |‘ CURRENT 
=. CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT | | CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT 
= UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25¢ | 120HZ,85C 
4900 31 86BA492U063AM | 4400 3186BA442U075AM 
3 5900 31 86BB592U063AM | 5300 3186BB532U075AM 
Py 7900 31 86BC792U063AM | 7100 3186BC712U075AM 
“a 9800 3186BD982U063AM | 8900 3186BD892U075AM 
& 11000 3186BE113U063AM | 10000 3186BE103U075AM 
a 13000 31 86BF133U063AM 3 12000 3186BF123U075AM 
™ 15000 3186BG153U063AM | 14000 3186BG143U075AM 
9 17000 3186BH173U063AM , 16000 3186BH163U075AM 
<= 8700 3186DA872U063AM ) 7900 3186DA792U075AM 
=p 10000 3186DB103U063AM | 9500 3186DB952U075AM 
= 14000 3186DC143U063AM ; 12000 3186DC123U075AM 
© 17000 3186DD173U063AM , 15000 3186DD153U075AM 
9 21000 3186DE213U063AM | 19000 3186DE193U075AM 
% 24000 31 86DF243U063AM , 22000 3186DF223U075AM 
28000 3186DG283U063AM 7 25000 3186DG253U075AM 
3 31000 3186DH313U063AM | 28000 3186DH283U075AM 
) 11000 3186EA113U063AM | 10000 3186EA103U075AM 
bt 13000 3186EB133U063AM 12000 3186EB123U075AM 
S 18000 3186EC183U063AM 16000 3186EC163U075AM 
5 22000 3186ED223U063AM 20000 3186ED203U075AM 
7) 27000 31 86EE273U063AM 24000 31 86EE243U075AM 


31000 3186EF313U063AM 28000 3186EF283U075AM 
36000 3186EG363U063AM ! 32000 3186EG323U075AM 
40000 3186EH403U063AM 37000 3186EH373U075AM 
18000 3186FB183U063AM ; 16000 3186FB163U075AM 
24000 3186FC243U063AM 22000 3186FC223U075AM 
30000 3186FD303U063AM 27000 3186FD273U075AM 
36000 3186FE363U063AM 33000 3186FE333U075AM 
42000 3186FF423U063AM 38000 3186FF383U075AM 
48000 3186FG483U063AM E 44000 3186FG443U075AM 
94000 3186FH543U063AM : 49000 3186FH493U075DM 
35000 3186GC353U063AM ; 32000 3186GC323U075AM 
44000 3186GD443U063AM 40000 3186GD403U075AM 
93000 3186GE533U063AM ; 48000 3186GE483U075AM 
62000 3186GF623U063AM 97000 3186GF573U075AM 
71000 3186GG713U063AM 65000 3186GG653U075AM 
80000 3186GH803U063AM 73000 3186GH733U075AM 
130000 3186GN134U063AM 110000 3186GN114U075AM 
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SERIES 3186 a 


100.0 VDC WORKING 125.0 SURGE 


IV 


MAX. RMS 
MAXIMUM RIPPLE 
ESR CURRENT 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT 
UF PART NUMBER 120HZ,25C | 120HZ,85C 


3186BA222U100AM 
3186BB262U100AM 
3186BC352U100AM 
3186BD442U100AM 
3186BE532U100AM 
3186BF612U100AM 

3186BG702U100AM 
3186BH792U100AM 
3186DA392U100AM 
3186DB472U100AM 
3186DC622U100AM 
3186DD782U100AM 
3186DE942U100AM 
3186DF113U100AM 
3186DG123U100AM 
3186DH143U100AM 
3186EA512U100AM 
3186EB612U100AM 
3186EC812U100AM 
3186ED103U100AM 
3186EE123U100AM 

3186EF143U100AM 

3186EG163U100AM 
3186EH183U100AM 
3186FB103U100AM 

3186FC133U100AM 

3186FD173U100AM 
3186FE203U100AM 

3186FF233U100AM 

3186FG273U100AM 
3186FH303U100AM 

3186GC203U100AM 
3186GD253U100AM 
3186GE303U100AM 
3186GF353U100AM 

3186GG403U100AM 
3186GH453U100AM 
3186GN723U100AM 
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SERIES 3186 


CAPACITANCE 


26 


UF 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA112T125AM 
3186BB142T125AM 
3186BC0182T125AM 
3186BD232T125AM 
3186BE282T125AM 
3186BF322T125AM 
3186BG372T125AM 
3186BH422T125AM 
3186DA2121125AM 
3186DB252T125AM 
3186DC0332T125AM 
3186DD422T125AM 
3186DE502T125AM 
3186DF582T125AM 
3186DG672T125AM 
3186DH752T125AM 
3186EA272T125AM 
3186EB322T125AM 
3186EC432T125AM 
3186ED542T125AM 
3186EE652T125AM 

3186EF762T125AM 

3186EG872T125AM 
3186EH982T125AM 
3186FB542T125AM 

3186FC732T125AM 

3186FD912T125AM 
3186FE103T125AM 

3186FF123T125AM 

3186FG143T125AM 

3186FH163T125AM 
3186GC0103T125AM 
3186GD133T125AM 
3186GE163T125AM 
3186GF183T125AM 

3186GG213T125AM 
3186GH243T125AM 
3186GN393T125AM 


125.0 VDC WORKING 150.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


150.0 VDC WORKING 175.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA821T150AM 
3186BB991T150AM 
3186B0132T150AM 
3186BD162T150AM 
3186BE192T150AM 
3186BF232T150AM 
3186BG262T150AM 
3186BH292T150AM 
3186DA142T150AM 
3186DB172T150AM 
3186D0232T150AM 
3186DD292T150AM 
3186DE352T150AM 
3186DF412T150AM 
3186DG472T150AM 
3186DH532T150AM 
3186EA192T150AM 
3186EB232T150AM 
3186EC302T150AM 
3186ED382T150AM 
3186EE462T150AM 

3186EF532T150AM 

3186EG612T150AM 
3186EH692T150AM 
3186FB382T150AM 

3186FC512T150AM 

3186FD642T150AM 

3186FE772T150AM 

3186FF902T150AM 

3186FG103T150AM 

3186FH113T150AM 

3186GC762T150AM 
3186GD952T150AM 
3186GE113T150AM 

3186GF133T150AM 

3186GG153T150AM 
3186GH173T150AM 
3186GN273T150AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3186 


200.0 VDC WORKING 250.0 SURGE 


CAPACITANCE 
UF 
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PHILIPS COMPONENTS 


PART NUMBER 


3186BA491T200AM 
3186BB591T200AM 
3186BC811T200AM 
3186BD102T200AM 
3186BE122T200AM 
3186BF142T200AM 

3186BG162T200AM 
3186BH182T200AM 
3186DA881T200AM 
3186DB102T200AM 
3186DC0142T200AM 
3186DD182T200AM 
3186DE212T200AM 
3186DF252T200AM 
3186DG292T200AM 
3186DH322T200AM 
3186EA112T200AM 
3186EB132T200AM 
3186EC182T200AM 
3186ED232T200AM 
3186EE282T200AM 

3186EF332T200AM 

3186EG372T200AM 
3186EH422T200AM 
3186FB232T200AM 

3186FC312T200AM 

3186FD392T200AM 
3186FE472T200AM 

3186FF552T200AM 

3186FG632T200AM 
3186FH712T200AM 
3186GC462T200AM 
3186GD582T200AM 
3186GE702T200AM 
3186GF812T200AM 
3186GG932T200AM 
3186GH103T200AM 
3186GN163T200AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


250.0 VDC WORKING 300.0 SURGE 


CAPACITANCE 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA361T250AM 
3186BB441T250AM 
3186BC601T250AM 
3186BD751T250AM 
3186BE901T250AM 
3186BF102T250AM 
3186BG122T250AM 
3186BH132T250AM 
3186DA651T250AM 
3186DB791T250AM 
3186DC102T250AM 
3186DD132T250AM 
3186DE162T250AM 
3186DF182T250AM 
3186DG212T250AM 
3186DH242T250AM 
3186EA851T250AM 
3186EB102T250AM 
3186EC142T250AM 
3186ED172T250AM 
3186EE212T250AM 

3186EF242T250AM 

3186EG282T250AM 
3186EH312T250AM 
3186FB172T250AM 

3186FC232T250AM 

3186FD292T250AM 
3186FE352T250AM 

3186FF412T250AM 

3186FG472T250AM 

3186FH522T250AM 

3186GC342T250AM 
3186GD432T250AM 
3186GE522T250AM 
3186GF602T250AM 

3186GG692T250AM 
3186GH782T250AM 
3186GN123T250AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3186 


CAPACITANCE 


28 


UF 


PHILIPS COMPONENTS | CASE 


PART NUMBER 


3186BA301T300AM 
3186BB361T300AM 
3186BC501T300AM 
3186BD621T300AM 
3186BE751T300AM 
3186BF871T300AM 
3186BG102T300AM 
3186BH102T300AM 
3186DA541T300AM 
3186DB651T300AM 
3186DC891T300AM 
3186DD102T300AM 
3186DE132T300AM 
3186DF152T300AM 
3186DG172T300AM 
3186DH202T300AM 
3186EA701T300AM 
3186EB841T300AM 
3186EC112T300AM 
3186ED142T300AM 
3186EE172T300AM 

3186EF202T300AM 

3186EG232T300AM 
3186EH262T300AM 
3186FB142T300AM 

3186FC182T300AM 

3186FD242T300AM 

3186FE292T300AM 

3186FF332T300AM 

3186FG382T300AM 

3186FH432T300AM 

3186GC282T300AM 
3186GD352T300AM 
3186GE432T300AM 

3186GF502T300AM 

3186GG572T300AM 
3186GH642T300AM 
3186GN103T300AM 


300.0 VDC WORKING 350.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


350.0 VDC WORKING 400.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA231T350AM 
3186BB281T350AM 
3186BC381T350AM 
3186BD481T350AM 
3186BE581T350AM 
3186BF681T350AM 
3186BG771T350AM 
3186BH871T350AM 
3186DA421T350AM 
3186DB501T350AM 
3186DC691T350AM 
3186DD871T350AM 
3186DE102T350AM 
3186DF112T350AM 
3186DG132T350AM 
3186DH152T350AM 
3186EA541T350AM 
3186EB651T350AM 
3186EC901T350AM 
3186ED102T350AM 
3186EE132T350AM 

3186EF152T350AM 

3186EG182T350AM 
3186EH202T350AM 
3186FB112T350AM 

3186FC142T350AM 

3186FD182T350AM 
3186FE222T350AM 

3186FF262T350AM 

3186FG302T350AM 

3186FH342T350AM 

3186GC0222T350AM 
3186GD272T350AM 
3186GE332T350AM 
3186GF392T350AM 

3186GG442T350AM 
3186GH502T350AM 
3186GN812T350AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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400.0 VDC WORKING 450.0 SURGE 


CAPACITANCE 
UF 
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PHILIPS COMPONENTS 


PART NUMBER 


3186BA201T400AM 
3186BB241T400AM 
3186BC331T400AM 
3186BD411T400AM 
3186BE501T400AM 
3186BF581T400AM 
3186BG661T400AM 
3186BH751T400AM 
3186DA361T400AM 
3186DB431T400AM 
3186DC591T400AM 
3186DD741T400AM 
3186DE891T400AM 
3186DF102T400AM 
3186DG112T400AM 
3186DH132T400AM 
3186EA461T400AM 
3186EB561T400AM 
3186EC771T400AM 
3186ED961T400AM 
3186EE112T400AM 
3186EF132T400AM 
3186EG152T400AM 
3186EH172T400AM 
3186FB941T400AM 
3186FC122T400AM 
3186FD162T400AM 
3186FE192T400AM 
3186FF222T400AM 
3186FG252T400AM 
3186FH292T400AM 
3186GC192T400AM 
3186GD232T400AM 
3186GE282T400AM 
3186GF332T400AM 
3186GG382T400AM 
3186GH432T400AM 
3186GN692T400AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


450.0 VDC WORKING 525.0 SURGE 


CAPACITANCE 
UF 


SERIES 3186 


PHILIPS COMPONENTS 


PART NUMBER 


3186BA181T450AM 
3186BB221T450AM 
3186BC0301T450AM 
3186BD381T450AM 
3186BE451T450AM 
3186BF531T450AM 
3186BG611T450AM 
3186BH681T450AM 
3186DA331T450AM 
3186DB391T450AM 
3186DC541T450AM 
3186DD681T450AM 
3186DE821T450AM 
3186DF951T450AM 
3186DG102T450AM 
3186DH112T450AM 
3186EA431T450AM 
3186EB511T450AM 
3186EC711T450AM 
3186ED881T450AM 
3186EE102T450AM 
3186EF122T450AM 
3186EG132T450AM 
3186EH152T450AM 
3186FB861T450AM 
3186FC112T450AM 
3186FD142T450AM 
3186FE172T450AM 
3186FF202T450AM 
3186FG232T450AM 
3186FH262T450AM 
3186GC172T450AM 
3186GD212T450AM 
3186GE262T450AM 
3186GF302T450AM 
3186GG352T450AM 
3186GH392T450AM 
3186GN632T450AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3188 


Long-Life Computer-Grade 
Aluminum Electrolytic Capacitors 


DESCRIPTION: 


Series 3188 Long-Life Aluminum Electrolytic 
Capacitors are designed for those applications 
where a standard computer-grade product must 
operate under environmental and operational 
stresses more severe than those normally 
encountered. These units are constructed of 
the highest-quality materials and processed to 
achieve the low leakage current necessary for 
long shelf life and long operating life with high 
ripple currents. The Series 3188 features a 2000 
hour operating life at 105°C. It is available in 38 
standard case sizes with a choice of five terminal 
styles. Capacitance values up to 950,000uF are 
available. Computer-designed for optimum 
performance. 


FEATURES: 


m 2000 hours operating life at 85°C with ripple. 
= Up to 45A Ripple Current at 85°C. 

@ 39 Standard Case Sizes. 

@ Low Leakage Current. 

= Computer-designed for optimum performance. 


& Meets all requirements for EIA-RS-395 for type 
| capacitors. 


@ Voltage range: 6 to 400 WVDC. 
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SERIES 3188 


6.0 VDC WORKING 9.0 SURGE 7.5 VDC WORKING 10.0 SURGE 


MAX. RMS MAX. RMS 
MAXIMUM RIPPLE MAXIMUM RIPPLE 
ESR CURRENT ESR CURRENT 
CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS | CASE OHMS AMPS AT 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C 


46000 3188BA463U006AM 44000 3188BA443U7P5AM 
56000 3188BB563U006AM 52000 3188BB523U7P5AM 
74000 3188BC743U006AM 70000 3188BC703U7P5AM 
93000 3188BD933U006AM 88000 3188BD883U7P5AM 
100000 3188BE104U006AM : 100000 3188BE104U7P5AM 
120000 3188BF124U006AM 110000 3188BF114U7P5AM 
140000 3188BG144U006AM 130000 3188BG134U7P5AM 
160000 3188BH164U006AM ; 150000 3188BH154U7P5AM 
83000 3188DA833U006AM 78000 3188DA783U7P5AM 
99000 3188DB993U006AM : 93000 3188DB933U7P5AM 
130000 3188DC134U006AM ; | 120000 3188DC0124U7P5AM 
160000 3188DD164U006AM : 150000 3188DD154U7P5AM 
190000 3188DE194U006AM 180000 3188DE184U7P5AM 
230000 3188DF234U006AM 210000 3188DF214U7P5AM 
260000 3188DG264U006AM 250000 3188DG254U7P5AM 
290000 3188DH294U006AM 280000 3188DH284U7P5AM 
100000 3188EA104U006AM 100000 3188EA104U7P5AM 
120000 3188EB124U006AM 110000 3188EB114U7P5AM 
160000 3188EC164U006AM , 150000 3188EC154U7P5AM 
210000 3188ED214U006AM 190000 3188ED194U7P5AM 
250000 3188EE254U006AM : 230000 3188EE234U7P5AM 
280000 3188EF284U006AM : 280000 3188EF284U7P5AM 
340000 3188EG344U006AM 320000 3188EG324U7P5AM 
380000 3188EH384U006AM 360000 3188EH364U7P5AM 
210000 3188FB214U006AM 200000 3188FB204U7P5AM 
280000 3188FC284U006AM 270000 3188FC274U7P5AM 
350000 3188FD354U006DM 330000 3188FD334U7P5AM 
430000 3188FE434U006DM 400000 3188FE404U7P5DM 
500000 3188FF504U006DM :; 450000 3188FF454U7P5DM 
570000 3188FG574U006DM , 540000 3188FG544U7P5DM 
640000 3188FH644U006DM 600000 3188FH604U7P5DM 
420000 3188GC424U006DM : 390000 3188GC394U7P5DM 
530000 3188GD534U006DM 490000 3188GD494U7P5DM 
630000 3188GE634U006DM 590000 3188GE594U7P5DM 
740000 3188GF744U006DM 690000 3188GF694U7P5DM 
840000 3188GG844U006DM d 790000 3188GG794U7P5DM 
950000 3188GH954U006DM : 890000 3188GH894U7P5DM 
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SERIES 3188 


CAPACITANCE 


32 


UF 


34000 

41000 

55000 

69000 

83000 

96000 
110000 
120000 

61000 

73000 

98000 
120000 
140000 
170000 
190000 
210000 

79000 

95000 
120000 
150000 
180000 
220000 
250000 
280000 
150000 
210000 
260000 
310000 
360000 
420000 
470000 
300000 
390000 
470000 
540000 
620000 
700000 
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PHILIPS COMPONENTS 


PART NUMBER 


3188BA343U010AM 
3188BB413U010AM 
3188BC0553U010AM 
3188BD693U010AM 
3188BE833U010AM 
3188BF963U010AM 
3188BG114U010AM 
3188BH124U010AM 
3188DA613U010AM 
3188DB733U010AM 
3188DC983U010AM 
3188DD124U010AM 
3188DE144U010AM 
3188DF174U010AM 
3188DG194U010AM 
3188DH214U010AM 
3188EA793U010AM 
3188EB953U010AM 
3188EC124U010AM 
3188ED154U010AM 
3188EE184U010AM 

3188EF224U010AM 

3188EG254U010AM 
3188EH284U010AM 
3188FB154U010AM 

3188FC214U010AM 

3188FD264U010AM 

3188FE314U010DM 

3188FF364U010DM 

3188FG424U010DM 
3188FH474U010DM 
3188GC304U010DM 
3188GD394U010DM 
3188GE474U010DM 
3188GF544U010DM 
3188GG624U010DM 
3188GH704U010DM 


10.0 VDC WORKING 15.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


SERIES 3188 1 


b 

15.0 VDC WORKING 20.0 SURGE 20.0 VDC WORKING 30.0 SURGE = 

MAX. RMS MAX. RMS = 
MAXIMUM | RIPPLE MAXIMUM | RIPPLE 1 

ESR CURRENT ESR CURRENT = 

CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT I 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER S| 
25000 3188BA253U015AM 20000 3188BA203U020AM ay 
30000 3188BB303U015AM 24000 3188BB243U020AM we 
41000 3188BC413U015AM 32000 3188BC323U020AM 3 
51000 3188BD513U015AM 40000 3188BD403U020AM on 
61000 3188BE613U015AM 48000 3188BE483U020AM = 
72000 3188BF723U015AM 56000 3188BF563U020AM fs) 
82000 3188BG823U015AM 64000 3188BG643U020AM < 
92000 3188BH923U015AM 72000 3188BH723U020AM I 
45000 3188DA453U015AM 35000 3188DA353U020AM we 
55000 3188DB553U015AM 42000 3188DB423U020AM i) 
73000 3188DC733U015AM 57000 3188DC573U020AM 9 
91000 3188DD913U015AM 71000 3188DD713U020AM %) 
110000 3188DE114U015AM 85000 3188DE853U020AM 3 
120000 3188DF124U015AM 100000 3188DF104U020AM 9) 
140000 3188DG144U015AM 110000 3188DG114U020AM 9 
160000 3188DH164U015AM 120000 3188DH124U020AM Pt 
59000 3188EA593U015AM 46000 3188EA463U020AM Ss 
71000 3188EB713U015AM 55000 3188EB553U020AM ~ 
95000 3188EC953U015AM 74000 3188EC743U020AM 7) 


110000 3188ED114U015AM 
140000 3188EE144U015AM 
160000 3188EF164U015AM 
190000 3188EG194U015AM 
210000 3188EH214U015AM 
110000 3188FB114U015AM 
150000 3188FC154U015AM 
190000 3188FD194U015AM 
230000 3188FE234U015DM 
270000 3188FF274U015DM 
310000 3188FG314U015DM 
350000 3188FH354U015DM 
230000 3188GC234U015DM 
290000 3188GD294U015DM 
350000 3188GE354U015DM 
400000 3188GF404U015DM 
460000 3188GG464U015DM 
520000 3188GH524U015DM 
650000 3188GN654U015DM 


92000 3188ED923U020AM 
110000 3188EE114U020AM 
120000 3188EF124U020AM 
140000 3188EG144U020AM 
160000 3188EH164U020AM 

92000 3188FB923U020AM 
120000 3188FC124U020AM 
150000 3188FD154U020AM 
180000 3188FE184U020AM 
210000 3188FF214U020AM 
240000 3188FG244U020DM 
270000 3188FH274U020DM 
180000 3188GC184U020AM 
220000 3188GD224U020AM 
270000 3188GE274U020DM 
310000 3188GF314U020DM 
360000 3188GG364U020DM 
410000 3188GH414U020DM 
650000 3188GN654U020DM 
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4. SERIES 3188 


= 25.0 VDC WORKING 40.0 SURGE 30.0 VDC WORKING 45.0 SURGE 

“I MAX. RMS MAX. RMS 
~4 MAXIMUM | _ RIPPLE MAXIMUM | RIPPLE 
3" ESR CURRENT ESR CURRENT 


CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS AMPS AT 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C 


17000 3188BA173U025AM 14000 3188BA143U030AM 
20000 3188BB203U025AM ' 17000 3188BB173U030AM 
27000 3188BC273U025AM ' 23000 3188BC233U030AM 
34000 3188BD343U025AM 29000 3188BD293U030AM 
40000 3188BE403U025AM 35000 3188BE353U030AM 
47000 3188BF473U025AM 41000 3188BF413U030AM 
54000 3188BG543U025AM 47000 3188BG473U030AM 
61000 3188BH613U025AM 53000 3188BH533U030AM 
30000 3188DA303U025AM 26000 3188DA263U030AM 
36000 3188DB363U025AM 31000 3188DB313U030AM 
48000 3188DC483U025AM 42000 3188DC0423U030AM 
60000 3188DD603U025AM : 52000 3188DD523U030AM 
72000 3188DE723U025AM 63000 3188DE633U030AM 
84000 3188DF843U025AM 73000 3188DF733U030AM 
96000 3188DG963U025AM 84000 3188DG843U030AM 
100000 3188DH104U025AM 94000 3188DH943U030AM 
39000 3188EA393U025AM 34000 3188EA343U030AM 
47000 3188EB473U025AM 41000 3188EB413U030AM 
62000 3188EC623U025AM 54000 3188EC543U030AM 
78000 3188ED783U025AM 58000 3188ED683U030AM 
94000 3188EE943U025AM 82000 3188EE823U030AM 
100000 3188EF104U025AM 95000 3188EF953U030AM 
120000 3188EG124U025AM 100000 3188EG104U030AM 
140000 3188EH144U025AM 120000 3188EH124U030AM 
78000 3188FB783U025AM 68000 3188FB683U030AM 
100000 3188FC104U025AM 91000 3188FC913U030AM 
130000 3188FD134U025AM 110000 3188FD114U030AM 
150000 3188FE154U025AM 130000 3188FE134U030AM 
180000 3188FF184U025DM 150000 3188FF154U030AM 
200000 3188FG204U025DM 180000 3188FG184U030AM 
230000 3188FH234U025DM 200000 3188FH204U030DM 
150000 3188GC154U025AM 130000 3188GC134U030AM 
190000 3188GD194U025DM 160000 3188GD164U030DM 
230000 3188GE234U025DM 200000 3188GE204U030DM 
260000 3188GF264U025DM 230000 3188GF234U030DM 
300000 3188GG304U025DM 260000 3188GG264U030DM 
340000 3188GH344U025DM 300000 3188GH304U030DM 
550000 3188GN554U025DM 480000 3188GN484U030DM 
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SERIES 3188 4 


40.0 VDC WORKING 55.0 SURGE 50.0 VDC WORKING 75.0 SURGE B 
MAX. RMS MAX. RMS 5 
MAXIMUM | RIPPLE MAXIMUM | RIPPLE = 
ESR CURRENT ESR CURRENT S' 
CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT CAPACITANCE | PHILIPS COMPONENTS OHMS | AMPS AT e 
UF PART NUMBER 120HZ,25C | 120HZ,85C UF PART NUMBER 120HZ,25C | 120HZ,85C 5 
7700 3188BA772U040AM 6000 3188BA602U050AM 
9300 3188BB932U040AM 7200 3188BB722U050AM m 
12000 3188BC123U040AM 9600 3188BC962U050AM & 
15000 3188BD153U040AM ; 12000 3188BD123U050AM 8 
18000 3188BE183U040AM ; 14000 3188BE143U050AM a 
21000 3188BF213U040AM 16000 3188BF163U050AM C 
24000 3188BG243U040AM 19000 3188BG193U050AM = 
28000 3188BH283U040AM 21000 3188BH213U050AM “< 
13000 3188DA133U040AM ; 10000 3188DA103U050AM 
16000 3188DB163U040AM 12000 3188DB123U050AM S' 
22000 3188DC223U040AM 17000 3188DC173U050AM 
27000 3188DD273U040AM 21000 3188DD213U050AM 2) 
33000 3188DE333U040AM 25000 3188DE253U050AM 2 
38000 3188DF383U040AM 29000 3188DF293U050AM 
44000 3188DG443U040AM 34000 3188DG343U050AM 2 
49000 3188DH493U040AM 38000 3188DH383U050AM wy, 
17000 3188EA173U040AM 13000 3188EA133U050AM he 
21000 3188EB213U040AM 16000 3188EB163U050AM g 
28000 3188EC283U040AM 22000 3188EC223U050AM a 


35000 3188ED353U040AM 27000 3188ED273U050AM 
42000 3188EE423U040AM 33000 3188EE333U050AM 
50000 3188EF503U040AM 38000 3188EF383U050AM 
57000 3188EG573U040AM 44000 3188EG443U050AM 
64000 3188EH643U040AM 49000 3188EH493U050AM 
35000 3188FB353U040AM 27000 3188FB273U050AM 
47000 3188FC473U040AM 36000 3188FC363U050AM 
59000 3188FD593U040AM 45000 3188FD453U050AM 
71000 3188FE713U040AM 55000 3188FE553U050AM 
83000 3188FF833U040AM 64000 3188FF643U050AM 
95000 3188FG953U040AM 73000 3188FG733U050AM 
100000 3188FH104U040AM 82000 3188FH823U050AM 
70000 3188GC703U040AM 54000 3188GC543U050AM 
87000 3188GD873U040AM 67000 3188GD673U050AM 
100000 3188GE104U040AM 81000 3188GE813U050AM 
120000 3188GF124U040DM 94000 3188GF943U050AM 
140000 3188GG144U040DM 100000 3188GG104U050AM 
150000 3188GH154U040DM 120000 3188GH124U050AM 
250000 3188GN254U040DM 190000 3188GN194U050DM 


Philips Components « 6071 St. Andrews Road ° Columbia, SC 29212-3198 « (803) 772-2500 » FAX: (803) 772-2445 35 


IV 


a13Ajo4szIajz UunuiwN 


ssopizede) 


SERIES 3188 


CAPACITANCE 


36 


UF 


4400 
9300 
7100 
8900 
10000 
12000 
14000 
16000 
7900 
9500 
12000 
15000 
19000 
22000 
25000 
28000 
10000 
12000 
16000 
20000 
24090 
28000 
32000 
37000 
16000 
22000 
27000 
33000 
38000 
44000 
49000 
32000 
40000 
48000 
57000 
65000 
73000 
110000 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA442U060AM 
3188BB532U060AM 
3188BC712U060AM 
3188BD892U060AM 
3188BE103U060AM 
3188BF123U060AM 
3188BG143U060AM 
3188BH163U060AM 
3188DA792U060AM 
3188DB952U060AM 
3188DC0123U060AM 
3188DD153U060AM 
3188DE193U060AM 
3188DF223U060AM 
3188DG253U060AM 
3188DH283U060AM 
3188EA103U060AM 
3188EB123U060AM 
3188EC163U060AM 
3188ED203U060AM 
3188EE243U060AM 

3188EF283U060AM 

3188EG323U060AM 
3188EH373U060AM 
3188FB163U060AM 

3188FC223U060AM 

3188FD273U060AM 

3188FE333U060AM 

3188FF383U060AM 

3188FG443U060AM 

3188FH493U060AM 

3188GC323U060AM 
3188GD403U060AM 
3188GE483U060AM 
3188GF573U060AM 

3188GG653U060AM 
3188GH733U060AM 
3188GN114U060DM 


60.0 VDC WORKING 90.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


75.0 VDC WORKING 100.0 SURGE 


CAPACITANCE 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA332U075AM 
3188BB402U075AM 
3188BC532U075AM 
3188BD662U075AM 
3188BE802U075AM 
3188BF932U075AM 
3188BG103U075AM 
3188BH123U075AM 
3188DA592U075AM 
3188DB712U075AM 
3188D0942U075AM 
3188DD113U075AM 
3188DE143U075AM 
3188DF163U075AM 
3188DG183U075AM 
3188DH213U075AM 
3188EA762U075AM 
3188EB922U075AM 
3188EC123U075AM 
3188ED153U075AM 
3188EE183U075AM 
3188EF213U075AM 
3188EG243U075AM 
3188EH273U075AM 
3188FB123U075AM 
3188FC163U075AM 
3188FD203U075AM 
3188FE243U075AM 
3188FF283U075AM 
3188FG323U075AM 
3188FH373U075AM 
3188GC243U075AM 
3188GD303U075AM 
3188GE363U075AM 
3188GF423U075AM 
3188GG483U075AM 
3188GH543U075AM 
3188GN883U075DM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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CAPACITANCE | PHILIPS COMPONENTS 
UF 


PART NUMBER 


3188BA142T100AM 
3188BB172T100AM 
3188BC222T100AM 
3188BD282T100AM 
3188BE342T100AM 
3188BF392T100AM 

3188BG452T100AM 
3188BH512T100AM 
3188DA252T100AM 
3188DB302T100AM 
3188D0402T100AM 
3188DD502T100AM 
3188DE602T100AM 
3188DF702T100AM 
3188DG802T100AM 
3188DH902T100AM 
3188EA322T100AM 
3188EB392T100AM 
3188EC522T100AM 
3188ED652T100AM 
3188EE782T100AM 

3188EF912T100AM 

3188EG103T100AM 
3188EH113T100AM 
3188FB652T100AM 

3188FC872T100AM 

3188FD103T100AM 
3188FE133T100AM 

3188FF153T100AM 

3188FG173T100AM 
3188FH193T100AM 
3188GC123T100AM 
3188GD163T100AM 
3188GE193T100AM 
3188GF223T100AM 
3188GG253T100AM 
3188GH293T100AM 
3188GN463T100AM 


100.0 VDC WORKING 150.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


125.0 VDC WORKING 150.0 SURGE 


CAPACITANCE 
UF 


SERIES 3188 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA821T125AM 
3188BB991T125AM 
3188B0132T125AM 
3188BD162T125AM 
3188BE192T125AM 
3188BF232T125AM 
3188BG262T125AM 
3188BH292T125AM 
3188DA142T125AM 
3188DB172T125AM 
3188D0232T125AM 
3188DD292T125AM 
3188DE352T125AM 
3188DF412T125AM 
3188DG472T125AM 
3188DH532T125AM 
3188EA192T125AM 
3188EB232T125AM 
3188EC302T125AM 
3188ED382T125AM 
3188EE462T125AM 

3188EF532T125AM 

3188EG612T125AM 
3188EH692T125AM 
3188FB382T125AM 

3188FC512T125AM 

3188FD642T125AM 
3188FE772T125AM 

3188FF902T125AM 

3188FG103T125AM 
3188FH113T125AM 
3188GC0762T125AM 
3188GD952T125AM 
3188GE113T125AM 
3188GF133T125AM 
3188GG153T125AM 
3188GH173T125AM 
3188GN273T125AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 
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MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
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SERIES 3188 


CAPACITANCE 


38 


UF 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA541T150AM 
3188BB641T150AM 
3188BC0861T150AM 
3188BD102T150AM 
3188BE122T150AM 
3188BF152T150AM 
3188BG172T150AM 
3188BH192T150AM 
3188DA971T150AM 
3188DB112T150AM 
3188DC0152T150AM 
3188DD192T150AM 
3188DE232T150AM 
3188DF272T150AM 
3188DG312T150AM 
3188DH342T150AM 
3188EA122T150AM 
3188EB152T150AM 
3188EC202T150AM 
3188ED252T150AM 
3188EE302T150AM 

3188EF352T150AM 

3188EG402T150AM 
3188EH452T150AM 
3188FB252T150AM 

3188FC332T150AM 

3188FD422T150AM 

3188FE502T150AM 

3188FF592T150AM 

3188FG672T150AM 

3188FH762T150AM 

3188GC492T150AM 
3188GD622T150AM 
3188GE742T150AM 
3188GF872T150AM 

3188GG992T150AM 
3188GH113T150AM 
3188GN183T150AM 


150.0 VDC WORKING 200.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


120HZ,85C 


200.0 VDC WORKING 250.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA361T200AM 
3188BB441T200AM 
3188BC601T200AM 
3188BD751T200AM 
3188BE901T200AM 
3188BF102T200AM 
3188BG122T200AM 
3188BH132T200AM 
3188DA651T200AM 
3188DB791T200AM 
3188DC0102T200AM 
3188DD132T200AM 
3188DE162T200AM 
3188DF182T200AM 
3188DG212T200AM 
3188DH242T200AM 
3188EA851T200AM 
3188EB102T200AM 
3188EC142T200AM 
3188ED172T200AM 
3188EE212T200AM 

3188EF242T200AM 

3188EG282T200AM 
3188EH312T200AM 
3188FB172T200AM 

3188FC232T200AM 

3188FD292T200AM 

3188FE352T200AM 

3188FF412T200AM 

3188FG472T200AM 

3188FH522T200AM 

3188GC342T200AM 
3188GD432T200AM 
3188GE522T200AM 
3188GF602T200AM 

3188GG692T200AM 
3188GH782T200AM 
3188GN123T200AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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250.0 VDC WORKING 300.0 SURGE 


CAPACITANCE 
UF 
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PHILIPS COMPONENTS 


PART NUMBER 


3188BA281T250AM 
3188BB341T250AM 
3188BC471T250AM 
3188BD591T250AM 
3188BE711T250AM 
3188BF821T250AM 

3188BG941T250AM 
3188BH102T250AM 
3188DA511T250AM 
3188DB611T250AM 
3188D0841T250AM 
3188DD102T250AM 
3188DE122T250AM 
3188DF142T250AM 
3188DG162T250AM 
3188DH192T250AM 
3188EA661T250AM 
3188EB801T250AM 
3188EC102T250AM 
3188ED132T250AM 
3188EE162T250AM 

3188EF192T250AM 

3188EG222T250AM 
3188EH242T250AM 
3188FB132T250AM 

3188FC182T250AM 

3188FD232T250AM 
3188FE272T250AM 

3188FF322T250AM 

3188FG362T250AM 
3188FH412T250AM 
3188GC272T250AM 
3188GD342T250AM 
3188GE402T250AM 
3188GF472T250AM 
3188GG542T250AM 
3188GH612T250AM 
3188GN982T250AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


300.0 VDC WORKING 350.0 SURGE 


CAPACITANCE 
UF 


SERIES 3188 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA231T300AM 
3188BB281T300AM 
3188BC381T300AM 
3188BD481T300AM 
3188BE581T300AM 
3188BF681T300AM 

3188BG771T300AM 
3188BH871T300AM 
3188DA421T300AM 
3188DB501T300AM 
3188DC691T300AM 
3188DD871T300AM 
3188DE102T300AM 
3188DF112T300AM 
3188DG132T300AM 
3188DH152T300AM 
3188EA541T300AM 
3188EB651T300AM 
3188EC901T300AM 
3188ED102T300AM 
3188EE132T300AM 

3188EF152T300AM 

3188EG182T300AM 
3188EH202T300AM 
3188FB112T300AM 

3188FC142T300AM 

3188FD182T300AM 
3188FE222T300AM 

3188FF262T300AM 

3188FG302T300AM 
3188FH342T300AM 
3188GC222T300AM 
3188GD272T300AM 
3188GE332T300AM 
3188GF392T300AM 

3188GG442T300AM 
3188GH502T300AM 
3188GN812T300AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3188 


CAPACITANCE 


40 


UF 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA201T350AM 
3188BB241T350AM 
3188B0331T350AM 
3188BD411T350AM 
3188BE501T350AM 
3188BF581T350AM 
3188BG661T350AM 
3188BH751T350AM 
3188DA361T350AM 
3188DB431T350AM 
3188DC591T350AM 
3188DD741T350AM 
3188DE891T350AM 
3188DF102T350AM 
3188DG112T350AM 
3188DH132T350AM 
3188EA461T350AM 
3188EB561T350AM 
3188EC771T350AM 
3188ED961T350AM 
3188EE112T350AM 

3188EF132T350AM 

3188EG152T350AM 
3188EH162T350AM 
3188FB941T350AM 

3188FC122T350AM 

3188FD162T350AM 
3188FE192T350AM 

3188FF222T350AM 

3188FG252T350AM 

3188FH292T350AM 

3188GC192T350AM 
3188GD232T350AM 
3188GE282T350AM 
3188GF332T350AM 

3188GG382T350AM 
3188GH432T350AM 
3188GN692T350AM 


350.0 VDC WORKING 400.0 SURGE 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 


400.0 VDC WORKING 450.0 SURGE 


CAPACITANCE 
UF 


PHILIPS COMPONENTS 


PART NUMBER 


3188BA181T400AM 
3188BB221T400AM 
3188BC301T400AM 
3188BD381T400AM 
3188BE451T400AM 
3188BF531T400AM 
3188BG611T400AM 
3188BH681T400AM 
3188DA331T400AM 
3188DB391T400AM 
3188DC0541T400AM 
3188DD681T400AM 
3188DE821T400AM 
3188DF951T400AM 
3188DG102T400AM 
3188DH112T400AM 
3188EA431T400AM 
3188EB511T400AM 
3188EC711T400AM 
3188ED881T400AM 
3188EE102T400AM 

3188EF122T400AM 

3188EG132T400AM 
3188EH152T400AM 
3188FB861T400AM 

3188FC112T400AM 

3188FD142T400AM 
3188FE172T400AM 

3188FF202T400AM 

3188FG232T400AM 
3188FH262T400AM 
3188GC172T400AM 
3188GD212T400AM 
3188GE262T400AM 
3188GF302T400AM 

3188GG352T400AM 
3188GH392T400AM 
3188GN632T400AM 


MAXIMUM 
ESR 
OHMS 
120HZ,25C 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 
120HZ,85C 
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SERIES 3191 


Computer-Grade Aluminum 


Electrolytic Capacitors 
Symmetrical-Tolerance Capacitors for 
Switch-Mode Power Supplies. 


DESCRIPTION: FEATURES: 


Series 3191 Computer-Grade Aluminum Elec- m5 VDC to 55 VDC ratings. 

trolytic Capacitors are specifically designed for » Very Low ESR—3.8 milliohms at 20 kHz 
use in switch-mode power supplies. Their con- (200000 pF and 5 VDC) 

struction utilizes the most advanced multiple- Beare 
tabbing techniques and a non-acqueous elec- ™ Symmetrical ESR Tolerance—+30%. 


trolyte system to attain extremely low ESR, high # Symmetrical Capacitance Tolerance—+20%. 


ripple-current capability and long life. These Hite S 
same attributes make them an excellent choice ™ ee A Bk aan opi sap 


for any filtering application. 
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SERIES 3191 


CAPACITANCE 


CAPACITANCE 


42 


UF 


18000 
25000 
32000 
39000 
46000 
53000 
60000 
67000 
57000 
69000 
92000 
110000 
130000 
160000 
180000 
200000 


UF 


16000 
19000 
25000 
31000 
38000 
44000 
51000 
57000 
38000 
46000 
61000 
76000 
92000 
100000 
120000 
130000 


5.0 VDC WORKING 6.0 SURGE 


PHILIPS COMPONENTS 
PART NUMBER 


3191BA183M005BM 
3191BB253M005BM 
3191BC323M005BM 
3191BD393M005BM 
3191BE463M005BM 
3191BF533M005BM 
3191BG603M005BM 
3191BH673M005BM 
3191EA573M005BM 
3191EB693M005BM 
3191EC923M005BM 
3191ED114M005BM 
3191EE134M005BM 

3191EF164M005BM 

3191EG184M005BM 
3191EH204M005BM 


MAXIMUM +30% 
ESR ESR 
(OHMS) (MOHMS) 
120HZ,25C | 20KHZ,25C | 20KHZ,85C 


10.0 VDC WORKING 12.0 SURGE 


PHILIPS COMPONENTS 
PART NUMBER 


3191BA163M010BM 
3191BB193M010BM 
3191BC253M010BM 
3191BD313M010BM 
3191BE383M010BM 
3191BF443M010BM 
3191BG513M010BM 
3191BH573M010BM 
3191EA383M010BM 
3191EB463M010BM 
3191EC613M010BM 
3191ED763M010BM 
3191EE923M010BM 

3191EF104M010BM 

3191EG124M010BM 
3191EH134M010BM 


MAX. RMS 

MAXIMUM +30% RIPPLE 
ESR ESR CURRENT 
(OHMS) (MOHMS) | AMPS AT 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 


7.5 VDC WORKING 9.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


15000 
21000 
27000 
33000 
39000 
45000 
51000 
57000 
48000 
58000 
76000 
95000 
110000 
130000 
150000 
170000 


PART NUMBER 


3191BA153M7P5BM 
3191BB213M7P5BM 
3191BC273M7P5BM 
3191BD333M7P5BM 
3191BE393M/7P5BM 
3191BF453M7P5BM 
3191BG513M7P5BM 
3191BH573M7P5BM 
3191EA483M7P5BM 
3191EB583M7P5BM 
3191EC763M7P5BM 
3191ED953M7P5BM 
3191EE114M7P5BM 
3191EF134M7P5BM 
3191EG154M7P5BM 
3191EH174M7P5BM 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3191BA103M016BM 
3191BB143M016BM 
3191BC183M016BM 
3191BD223M016BM 
3191BE263M016BM 
3191BF303M016BM 
3191BG343M016BM 
3191BH383M016BM 
3191EA263M016BM 
3191EB323M016BM 
3191EC433M016BM 
3191ED533M016BM 
3191EE643M016BM 

3191EF753M016BM 

3191EG863M016BM 
3191EH963M016BM 


MAXIMUM +30% 
ESR ESR 
(OHMS) (MOHMS) 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 


16.0 VDC WORKING 18.0 SURGE 


MAX. RMS 

MAXIMUM +30% RIPPLE 
ESR ESR CURRENT 
(OHMS) (MOHMS) | AMPS AT 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 
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20.0 VDC WORKING 22.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3191BA882M020BM 
3191BB123M020BM 
3191BC163M020BM 
3191BD203M020BM 
3191BE223M020BM 
3191BF273M020BM 
3191BG303M020BM 
3191BH343M020BM 
3191EA233M020BM 
3191EB273M020BM 
3191EC373M020BM 
3191ED463M020BM 
3191EE553M020BM 
3191EF643M020BM 
3191EG743M020BM 
3191EH833M020BM 


MAXIMUM +30% 
ESR ESR 
(OHMS) (MOHMS) 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 


35.0 VDC WORKING 40.0 SURGE 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3191BA442M035BM 
3191BB622M035BM 
3191BC802M035BM 
3191BD103M035BM 
3191BE123M035BM 
3191BF143M035BM 
3191BG163M035BM 
3191BH173M035BM 
3191EA113M035BM 
3191EB133M035BM 
3191EC173M035BM 
3191ED223M035BM 
3191EE263M035BM 
3191EF313M035BM 
3191EG353M035BM 
3191EH403M035BM 


MAX. RMS 

MAXIMUM +30% RIPPLE 
ESR ESR CURRENT 
(OHMS) (MOHMS) | AMPS AT 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 


CAPACITANCE 
UF 


SERIES 3191 


28.0 VDC WORKING 32.0 SURGE 


PHILIPS COMPONENTS 
PART NUMBER 


3191BA622M028BM 
3191BB882M028BM 
3191BC113M028BM 
3191BD143M028BM 
3191BE163M028BM 
3191BF193M028BM 
3191BG223M028BM 
3191BH243M028BM 
3191EA153M028BM 
3191EB183M028BM 
3191EC243M028BM 
3191ED303M028BM 
3191EE363M028BM 
3191EF423M028BM 
3191EG483M028BM 
3191EH543M028BM 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3191BA382M045BM 
3191BB462M045BM 
3191BC622M045BM 
3191BD762M045BM 
3191BE922M045BM 
3191BF103M045BM 
3191BG123M045BM 
3191BH143M045BM 
3191EA922M045BM 
3191EB113M045BM 
3191EC143M045BM 
3191ED183M045BM 
3191EE223M045BM 
3191EF263M045BM 
3191EG293M045BM 
3191EH333M045BM 


MAXIMUM 
ESR 
(OHMS) 


+30% 
ESR 
(MOHMS) 


MAX. RMS 
RIPPLE 
CURRENT 
AMPS AT 


120HZ,25C | 20KHZ,25C | 20KHZ,85C 


MAXIMUM 
ESR 
(OHMS) 
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SERIES 3191 


55.0 VDC WORKING 64.0 SURGE 


b 
= 


MAXIMUM +30% 
ESR ESR 
CAPACITANCE | PHILIPS COMPONENTS (OHMS) (MOHMS) 
PART NUMBER 


3191BA282M055BM 
3191BB382M055BM 
3191BC502M055BM 
3191BD622M055BM 
3191BE722M055BM 
3191BF842M055BM 
3191BG942M055BM 
3191BH103M055BM 
3191EA722M055BM 
3191EB882M055BM 
3191EC113M055BM 
3191ED143M055BM 
3191EE173M055BM 

3191EF203M055BM 

3191EG233M055BM 
3191EH263M055BM 
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SERIES 3476 4 


Miniature Single-Ended Aluminum 
Electrolytic Capacitors 
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DESCRIPTION: FEATURES: 

The Philips Components Series 3476 is a general 
. i — 0 

purpose Single-Ended Aluminum Electrolytic Ca- z Gaetan ce pole ae e 

pacitor. Theses capacitors are suitable for use in Ben ai aca Ove dene nigice Oljcapacitanee 

7 aes pone and voltage for automatic insertion. 

timing and delay circuits as well as filitering, cou- 

pling, and decoupling. @ Low leakage current. 


7 | appr ; 
Series.8476- capacitors are supplied as polar With the exception of 5mm diameter cans, all 


capacitors have safety vents. 
units available in 13 case sizes, ranging from 5 
5x11mm to 18x40mm. m@ Max Operating Temperature +85°C. 


@ Capacitance Range 0.47 to 10,000 uF. 
m@ Rated Voltage Range 6.3 to 450V. 


@ Halogenated Solvent Proof Configuration avail- 
able, 6.3 to 100V. 


For Application Guidelines see pages 82-91 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


CHARACTERISTICS 


Item Characteristic 
Voltage Range 100V, DC or less 160 ~ 450V, DC 


Operating Temperature a ° Ly ° 
Range 40~+85°C 25 ~85°C 


Capacitance Tolerance +20% (M) (-10~+30% (S)...Non-standard) (at 20°C, 120Hz) 


The following specifications shall be satisfied when the rated voltage is applied for the required time. 


Leakage Current 


After 1 minute :0.03CV (A) or 4 vA, whichever is greater After 1 minute : 0.1CV +40 (A) (CV <1000) 
After 2 minutes: 0.01CV (uA) or 3 vA, whichever is greater 0.04CV + 100 (uA) (CV>1000) 
Where C=Nominal capacitance (uF) After 5 minutes: 0.03CV + 15 (uA) (CV <= 1000) 


V=Rated voltage (V) 


(at 20°C) 0.02CV + 25 (uA) (CV>1000) 


Dissipation Factor 
(Tan 6) 


For capacitors whose rated voltage is 100V or less and whose capacitance exceeds 1,000,F the specification of tané 


is increased by 0.02 for every addition of 1,000uF. (at 20°C, 120Hz) 


Surge Voltage 
| Rated voltage (V)] 6.3] 10 | 16 | 25 | 35] 50| 63| 80 _| 100 | 160| 200] 250] 315 | 350 | 400 | 450 _ 
| Surge voltage (V)|_8 | 13 | 20| 32] 44] 63] 79] 100 | 125 | 200 | 250 | 300 | 365 | 400 | 450 | 500 | 


Impedance ratio at 120Hz 


| Rated voltage (V) | 6.3] 10] 16 | 25] 35 | 50] 63] 80] 100 | 160 | 200, 250 
z-e5ciz2o°e | 4] 3] 2;2t2;2;2;2]2ita4t 3 
jezeappeizeorc | | Opel 6] 4131s els) 38) ae eee eee 


The following specifications shall be satisfied when the 
capacitors are restored to 20°C after the rated voltage 
applied for 1,000 hours at 85°C. 


Capacitance change (%) from initial value 


<96.3 96.3 


63~16V 
25~100V 


Tan 6 = 150% of initial specified value 
Leakage current < initial specified value 


Temperature 
Characteristics 


The following specifications shall be satisfied when the 
capacitors are restored to 20°C after the rated voltage 
applied for 1,000 hours at 85°C. 

Capacitance change <+20% of initial value 
Dissipation factor < 150% of initial specified value 
Leakage current < initial specified value 


The following specifications shall be satisfied when the 
capacitors are restored to 20°C after exposing them at 
85°C for 500 hours without voltage applied. 
Capacitance change =+20% of initial value 
Dissipation factor <150% of initial specified value 
Leakage current <200% of initial specified value 


The following specifications shall be satisfied when the 
capacitors are restored to 20°C after exposing them at 
85°C for 1,000 hours without voltage applied. 


Capacitance change value shall be within the specifica- 
tions shown on the table of load life. 


Load Life 
Tan 6<150% of initial specified value 


Shelf Life 
Leakage current sinitial specified value 


Satisfies characteristic W of JIS C5141* Tested Methods per JIS 5102** 


*May be ordered from American National Standards Institute. **A Summery of these standards appears on page127 


CASE OUTLINE DRAWING CASE DIMENSIONS 


5 
e—— L’ 20 min. -++= 
me | 


mt 


Unit (mm) 


ine 
- Case | Diameter} Length 
Code (mm) (mm) 
HG 
KG 
KJ 
KL 
Ee 
LK 


xe) 
o 


Vinyl sleeve 
When DS 12.5, D’S D+ 0.5and L’ S$ L+1.5 


When De 1235) Dis > eaOtSranchl alee 250 


ForLs10,0 =1 ForD=10,6=0.5 See page 127 for mm to inches conversion table. 
ForL > 10, oc = 2 ForD >10,8=1 


Note: With the exception of 5mm diameter cans, all 3476 capacitors have a safety vent. 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


CASE SIZE OF STANDARD PRODUCTS 


; Dx L (mm) 
See 
8) SE ae ee eS ee ee eee ee ee ee eee ee 
EE PT PE er On Co os ee 
Prat eater ef KS | Set ae sen ext | | tote 10xt6 | 10020 | 
Petes fee Pe ee Ste | sett | axa | toxte | toxt6 | toxte | 10x20 | 12.5x20 | 
pa tt xt [sts | sxtt | 63x11 | toxt6 | toxt6e | toxt6 | 10x20 | 12.5%25 | 
po sett Pst sett srt szxtn Taxis | t0x16 | 10x20 | 12.5%20 | 12.5x25 | 16x25 | 
Pe sts fsx sx | 63ers | o3xtt | axis | 10x12 | 10x12 | 12.5x20 | 125x20 | 125%25 | 16x25 | 
16x25 | 16355] 
1exa55] 
| 100 | oaxtt | 63xtt | airs | exits | 10x25] 10x16 | 10x20 | 12.5x20 | 12.5x20 | 16x95.5| tex4ao | | | 
| 220 | exits | exits | tox125] 10x16 | 10x20 | 25x20] 125x200] 125x25] 16x25 | | PP 
| 330 | toxi25 | roxt25] 10x16 | 10x20 | 12.5x20 | 12.5x20 | 12.5x25 | r6x315] rexs1s] | | PT 
| 470 | 10x12.5] 10x16 | 10x20 | 12.5x20 | 125%25| 16x25 | 16x25 | 16xa55| 18355] [| | CT 
Oke) Dass BS 1 RSE Gd Oa be ee 
Biacdiemel toes s|iGt.5l| 161955) AemOnferern | el |) Lee Tt ee es 
© a RS RE EE a Ec 


STANDARD CAPACITANCE VALUES 


Maximum Max. RMS 
ESR Ripple Current 


Maximum Max. RMS 
ESR Ripple Current 
Capacitance | Philips Components (OHMS) AMPS at 
uF Part Number 120Hz, 25°C 120Hz, 85°C 


Capacitance Philips Components (OHMS) AMPS at 
uF Part Number 120Hz, 25°C 120Hz, 85°C 


16VDC WORKING, 20VDC SURGE 


6.3VDC WORKING, 8VDC SURGE 


3476CB330M6P3JMBS 
3476CB470M6P3JMBS 
3476DB101M6P3JMBS 
3476FC221M6P3JMBS 
3476GC331M6P3JMBS 
3476GC471M6P3JMBS 
3476GF102M6P3JMBS 
3476HG222M6P3JMBS 
3476KG332M6P3JMBS 
3476KJ472M6P3JMBS 

3476KL682M6P3JMBS 

3476LK103M6P3JMBS 


10VDC WORKING, 13VDC SURGE 
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3476CB220M010JMBS 
3476CB330M010JMBS 
3476CB470M010JMBS 
3476DB101M010JMBS 
3476FC221M010JMBS 
3476GC331M010JMBS 


3476GD471M010JMBS 
3476HF102M010JMBS 
3476KG222M010JMBS 
3476KJ332M010JMBS 
3476KL472M010JMBS 
3476LK682M010JMBS 


3476CB100M016JMBS 
3476CB220M016JMBS 
3476CB330M016JMBS 
3476DB470M016JMBS 
3476FC101M016JMBS 
3476GC221M016JMBS 
3476GD331M016JMBS 
3476GF471M016JMBS 
3476HG102M016JMBS 
3476KG222M016JMBS 
3476KL332M016JMBS 

3476LL472M016JMBS 


25VDC WORKING, 32VDC SURGE 


3476CB479M025JMBS 
3476CB100M025JMBS 
3476CB220M025JMBS 
3476DB330M025JMBS 
3476DB470M025JMBS 
3476FC101M025JMBS 
3476GD221M025JMBS 
3476GF331M025JMBS 
3476HF471M025JMBS 
3476KG102M025JMBS 
3476KL222M025JMBS 
3476LK332M025JMBS 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


STANDARD CAPACITANCE VALUES 


Capacitance 


PHILIPS COMPONENTS 
Part Number 


35VDC WORKING, 44VDC SURGE 


48 


3476CB479M035JMBS 
3476CB100M035JMBS 
3476DB220M035JMBS 
3476DB330M035JMBS 
3476FC470M035JMBS 
3476GC101M035JMBS 
3476GF221M035JMBS 
3476HF331MO35JMBS 
3476HG471MO035JMBS 
3476KG102M035JMBS 
3476LL222M035JMBS 


3476CB478MO050JMBS 
3476CB109MOS50JMBS 
3476CB229M050JMBS 
3476CB339M050JMBS 
3476CB479M050JMBS 
3476CB100M050JMBS 
3476DB220M050JMBS 
3476FC330M050JMBS 
3476FC470MO050JMBS 
3476GD101MOS50JMBS 
3476HF221M0S50JMBS 
3476HF331MO50JMBS 
3476KG471MOSOJMBS 
3476KJ102MO50JMBS 


3476CB229M063JMBS 
3476CB339M063JMBS 
3476CB479M063JMBS 
3476DB100MO063JMBS 
3476FC220M063JMBS 
3476FC330M063JMBS 
3476GC470M063JMBS 
3476GF101MO063JMBS 
3476HF221M063JMBS 
3476HG331MO63JMBS 
3476KG471M063JMBS 
3476LL102M063JMBS 


3476GC220M080JMBS 
3476GD330M080JMBS 
3476GD470M080JMBS 
3476HF101MO80JMBS 
3476HG221M080JMBS 
3476KJ331MO80JMBS 

3476KL471MO080JMBS 


3476CB478M100JMBS 
3476CB109M100JMBS 
3476CB229M100JMBS 
3476CB339M100JMBS 
3476DB479M100JMBS 


Maximum 
ESR 


(OHMS) 
120Hz, 25°C 


352.739 
165.788 
75.363 
50.238 
35.275 
16.575 
7.538 
5.025 
3.525 
1.663 
150 
.500 
.350 
166 


Max. RMS 
Ripple Current 
AMPS at 
120Hz, 85°C 


Capacitance 


PHILIPS COMPONENTS 
Part Number 


100VDC WORKING, 125VDC SURGE 


3476FC100M100JMBS 
3476GC220M100JMBS 
3476GD330M100JMBS 
3476GF470M100JMBS 
3476HF101M100JMBS 
3476KG221M100JMBS 
3476KJ331M100JMBS 

3476LL471M100JMBS 


3476DB478M160JMBS 
3476DB109M160JMBS 
3476FC229M160JMBS 
3476GD339M160JMBS 
3476GD479M160JMBS 
3476GD100M160JMBS 
3476HF220M160JMBS 
3476HG330M160JMBS 
3476KG470M160JMBS 
3476KL101M160JMBS 


3476GD339M200JMBS 
3476GD479M200JMBS 
3476GF100M200JMBS 
3476HF220M200JMBS 
3476KG330M200JMBS 
3476KG470M200JMBS 
3476LK101M200JMBS 


3476GD109M250JMBS 
3476GD229M250JMBS 
3476GD339M250JMBS 
3476GD479M250JMBS 
3476HF100M250JMBS 
3476HG220M250JMBS 
3476KG330M250JMBS 
3476KJ470M250JMBS 


3476GD478M350JMBS 
3476GD109M350JMBS 
3476GD229M350JMBS 
3476GF339M350JMBS 
3476GF479M350JMBS 

3476HG100M350JMBS 
3476KG220M350JMBS 
3476KL330M350JMBS 


3476GD109M450JMBS 
3476GF229M450JMBS 
3476HF339M450JMBS 
3476HG479M450JMBS 
3476KG100M450JMBS 


Maximum 
ESR 


(OHMS) 
120Hz, 25°C 


Max. RMS 
Ripple Current 
AMPS at 
120Hz, 85°C 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


TEMPERATURE CHARACTERISTICS 


—O— 16V100uF 
—O— 5O0V1ipF 
—x— 25V1000uF 


Be 


| 


! 
N 
o 


w& 
rs} 


x 
® 
te) 
& 
fs (0) 
(s) 
Se=10 
(3 
Ly) 
sz! 
o 
oO 
a 
co 
oO 


Dissipation factor 


Temperature (°C) 


Temperature (°C) 


85°C LOAD LIFE 85°C SHELF LIFE 


16V100uF —O— 16V100uF 
50V1 uF —S— 50V1pnF 
25V1000uF —x— 25V1000uF 


Capacitance change (%) 


Capacitance change (%) 


Dissipation factor 


Dissipation factor 


Leakage current (uA) 


Leakage current (uA) 


; aewwesaat a hee 
1 Males aesten aes em ae ne L : Sew Sai hee) 
500 1000 1500 2000. 500 1000 1500 2000 


Test time (HRS) - Test time (HRS) 
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SERIES 3476 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


TEMPERATURE CHARACTERISTICS |MPEDANCE 


—O—= 33F/160V 
—A—* 1 0nF/250) 
=X — 3'3nF/350V. 


—O— 33,F/160V 
—4— 10uF/250V 
—xX — 3.3uF/350V 


Capacitance change (%) 


& 
® 
e 
c 
6 
me} 
® 
a 
E 


1K 3K 10K 30K 100K 
Frequency (Hz) 


Dissipation factor 


Temperature (°C) 


HOW TO SPECIFY 
Philips Components Series 3476 Capacitors can be completely specified using the following designation: 
3476 GF 471 M 016 J M 
| il Packaging 
Philips Components Tolerance (see Application Guidelines) 
Product Series M=+20% B=Standard Bulk 
S=+30% T=Tape and Reel 
Case Size Code —10% A=Ammo Pack 
(see physical Voltage Lead 
spec) ae Sate Insulation : Configuration 
; - M=Standard PVC =Standard 
Aa iat 6P3=6.3VDC Options (see Application 
=Significant Digits C=Cut Guidelir 
X=Multiplier Mechanical D=Forming Cut 
i.e. 471=470uF Characteristics = ae - 
iS ts F=Snap in Forming Cut 
470= 47uF J=Standard M=Snap in Cut 
478=.47 uF *P=Solvent Resistant 


*See “Application Guidelines” section page 120 for approved solvents and cleaning solutions. 


*May be ordered American National Standards Institute. 
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SERIES 3480 


Miniature Single-Ended Aluminum 


DESCRIPTION: 


Series 3480 capacitors are much smaller than 
conventional general-purpose miniature alumi- 
num electrolytic capacitors. A newly developed, 
high-magnification etched foil is employed which 
allows the 3480 to be almost identical in case 
size to the 3476. A wide temperature range of 
—55 to +105°C and a long life of 1000 hours at 
105°C is made possible by a newly developed, 
high-performance electrolyte and a special seal- 
ing material. Series 3480 employs the newest 
high-stability anode foil so that leakage current 
will change minimally even if the capacitors are 
left unused for a long period. 

Series 3480 capacitors are useful in an extensive 
range of applications, both consumer and indus- 
trial. They are highly stable products suitable for 
time constant circuits. 
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Electrolytic Capacitors 


FEATURES: 


@ Wide temperature range of (—55 to 105°C 6.3 
to 100V; —40 to 105°C 160 to 250VDC.). 


@ Higher CV values compared to ordinary alumi- 
num electrolytic capacitors. 


m@ Load life of 1000 hours at 105°C with no voltage 
derating. 


m@ Very low leakage current. 


# Smaller size allows wider choice of capacitance 
and voltage for automatic insertion. 


@ Safety vents with the exception of 5mm diameter 
cans. 


@ Halogenated Solvent Proof Configuration 
available. 


For Application Guidelines see pages 119-125 
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SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


CHARACTERISTICS 


Voltage Range 6.3 ~100V-DC 160 ~250V-DC 
Operating Temperature Range =—59~+105°C —40~+105°C 


Capacitance Tolerance +20% (M) (at 20°C, 120Hz) 


The following specifications shall be satisfied when the rated voltage is applied for the required time. 
After 2 minutes: 0.002CV (uA) or 0.2uA, whichever After 1 minute :0.1CV + 40 (A) (CV <1000) 
is greater 0.04CV + 100 (uA) (CV>1000) 
After 5 minutes : 0.03CV + 15 (uA) (CV <1000) 

0.02CV + 25 (A) (CV>1000) 

Where, C: Nominal capacitance (uF), V: Rated voltage (V) (at 20°C) 


Leakage Current 


Dissipation Factor (Tan 6) 


For capacitors whose rated voltage is 100V or less and whose capacitance exceeds 1,000uF the specification 


of tan 6 is increased by 0.02 for every addition of 1,000uF. (at 20°C, 120Hz) 


(1) Capacitance change: Capacitance at —40°C is 
more than 70% of 20°C value. 


(1) Capacitance change: Capacitance at —40°C is 
more than 80% of 20°C value. 


Temperature Characteristics 


Load Life 


Shelf Life 


(2) Impedance ratio at 120Hz 


| Rated voltage (V)_| 6.3 | 10 | 16 | 25 | 35 | 50 | 63 | 80 | 100] 160 | 200 | 250 | 
Z(—25°C)/Z(20°C) 
z-4reyzeoc) | 6 | 5 | 3 | 3 [3 | 3] 3) 3 )-3 | 4) ae 

The following specifications shall be satisfied when 


the capacitors are restored to 20°C after the rated 
voltage applied for 1,000 hours at 105°C. 


The following specifications shall be satisfied when 
the capacitors are restored to 20°C after the rated 


voltage applied for 1,000 hours at 105°C. 
>10mm DIA 2.000 HRS PMBS TYPE 
Capacitance change from initial value 


6.3~16V 
25 ~100V 


Dissipation factor <200% of initial specified value 
Leakage current < initial specified value 


Capacitance change =+20% of initial value 
Dissipation factor <200% of initial specified value 
Leakage current < initial specified value 


The following specifications shall be satisfied when 
the capacitors are restored to 20°C after exposing 
them at 105°C for 1,000 hours without voltage applied. 


The following specifications shall be satisfied when 
the capacitors are restored to 20°C after exposing 
them at 105°C for 1,000 hours without voltage applied. 


Capacitance change value shall be within the specifi- 
cations shown on the table of load life. 

Dissipation factor <200% of initial specified value 
Leakage current <200% of initial specified value 


Satisfies characteristic W of JIS C5141*—Test Methods per JIS 5102** 


*May be ordered American National Standards Institute. 


Capacitance change <+20% of initial value 
Dissipation factor <200% of initial specified value 
Leakage current <500% of initial specified value 


**A summary of these standards appears on page 127. 
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SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 
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CASE SIZE OF STANDARD PRODUCTS tte 
@D x L (mm) 


ation al een mall SoS EE 


nel iad Eo So Excitis toroeenes Semel fe heed GeO ed Soe Set 
SSS a Se es eS et er ep Be 
PRS 9 SS A a (eae A De ee Be Ee 
CLUES RN SSS a (ee Be oe 
pa Pett tt fact [ o3xt1 | oxi | toxte | toxte | 
poo ttf xt | xt | axis | toxt6 | 10x20 | 12.5x20 | 
pee tt att | o3xtt | 8xtt.5 | 10x125 | 10%125 | 12.5x20 | 12.5x20 | 12.5x25 | 
pss xt | 6.3xtt | o3xtt | axt1.5 | axtt5 | tox16 | tox16 | 12.5%25 | 16x25 | 16x25 _ | 
p47 xt | oaxtt | 63x11 | axtts | ax115 | 10x125] 10x16 | 10x20 | 16x25 | 16x25 | 16x31.5 | 
p00 63x11 | xt. | axit5 | 10x125] 10x16 | 10x20 | 12.5x20 | 12.5x20] 16x355 | 18x40 | 
| 220 | axis | 8xit.5 | 10x125] 10x16 | 10x20 | 12.5x20| 12.5x20] 125x25| 16x25 | TT 
| 330 10x12.5 | 10x12.5] 10x16 | 10x20 | 12.5x20 | 12.5x20 | 125x25 | 16315 | 16315 TT 
| 470 | t0x125 | 10x16 | 10x20 | 12.5x20 | 12.5x25 | 16x25 | 16x25 | 16x35.5 | tex355] || 
| 1000 | 10x20 | 12.5x20 | 12.5x25 | 16x25 | 16x25 | 16x315| tax355] | | | 
2200 | 25x25 | eco] ters [eas [testo |) | oe 
para Aeron MeEay ass | 18x405) fi feet Ts fs Sineieorefoa | 
CEE ITY SAS Se 8 (eed Ce Ce ee ee ee ee 
ES Es ee | ee ee 


quruin 


DRAjO4s}IajFZoOuin 


s4sowiszedey) 


CASE OUTLINE DRAWING 
Unit (mm) 
20 min. 5 min. a 
Ves Meer 
SE, 


ft eas 
/ Vinyl sleeve 8 


| oD | 6S | 63] 68 | 610 14125] 916 | 018 | 
Perasae | 16s] cert contest eo |) L+220 | 
paella | D+05 
| gd | 05 | 06 | 06 | 06 | 06 | 08 | 08 | 


For L<10, xh=1 For D<10, s=0.5 
For L>10, «=2 For D>10, s=1 


See page 126 for mm to inches conversion table. 


Note: With the exception of 5mm diameter cans, all 3480 
capacitors have a safety vent. 
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SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


s STANDARD CAPACITANCE VALUES 
= 


S Maximum Max. RMS Maximum Max. RMS 
= ESR Ripple Current ESR Ripple Current 
“a Capacitance | PHILIPS COMPONENTS (OHMS) AMPS at Capacitance PHILIPS COMPONENTS (OHMS) AMPS at 
3 : Part Number 120Hz, 25°C | 120Hz, 105°C uF Part Number 120Hz, 25°C | 120Hz, 105°C 
= 6.3VDC WORKING, 8VDC SURGE 50VDC WORKING, 63VDC SURGE 
220 | 3480FC221M6P3JMBS 3480CB478M050JMBS 352.738 
m 3480GC331M6P3JMBS 3480CB109MO50JMBS 165.786 
& 3480GC471M6P3JMBS 3480CB229M050JMBS 75.358 
! 3480GF102M6P3JMBS 3480CB339M050JMBS 50.239 
4 3480HG222M6P3JMBS 3480CB479M050JMBS 35.274 
= 3480KG332M6P3JMBS 3480CB100MO50JMBS 16.579 
re) 3480KJ472M6P3JMBS 3480DB220M050JMBS 7.536 
Me, |. 3480LK103M6P3JMBS 3480FC330M050JMBS 5.024 
< 3480FC470MO50JMBS 3.528 
rad 3480GD101M050JMBS 1.658 
480HF221MO50JMB 754 
2 SAGO Ea UNIS Uee Shinde RoR 503 
2) SSCS OTM eee 3480KG47 1MOSOJMBS 353 
st) 3480FC221M010JMBS 3480KJ102M050JMBS 166 
GS 3480GC331M010JMBS 
3480GD471M010JMBS 
 T) 3480HF102M010JMBS 63VDC WORKING, 79VDC SURGE 
go 3480KG222M010JMBS 3480CB479M063JMBS 
Pt 3480KJ332M010JMBS 3480DB100MO063JMBS 
ra) _3480KL472M010JMBS 3480FC220M063JMBS 
= 3480FC330M063JMBS 
“% = 16VDC WORKING, 20VDC SURGE 3480GC470M063JMBS 


3480GF101M063JMBS 


3480CB330M016JMBS 
3480HF221MO063JMBS 
3480DB470M016JMBS 3480HG331M063JMBS 
3480FC101M016JMBS 
471MO63JM 
3480GC221M016JMBS br Meee ALS « 


3480GD331M016JMBS tee 


3480GF471M016JMBS 


3480HG102M016JMBS 
3480KG222M016JMBS 3480DB479M080JMBS 
3480KL332M016JMBS 3480FC100MO80JMBS 


3480L.L472M016JMBS 3480GC220M080JMBS 


3480GD330M080JMBS 

25¥D¢ WORKING, 32VDC SURGE serene 

e v4S0CE220M025UNBS 3480HG221MO80JMBS 

ei oe 3480KJ331M080JMBS 
3480DB470M025JMBS 


3480FC101M025JMBS 3480KL47 1MO80JMBS 


3480GD221M025JMBS 
3480GF331M025JMBS 
3480HF471M025JMBS 
3480KG102M025JMBS 


246.916 
116.05 


3480CB478M100JMBS 
3480CB109M100JMBS 


3480KL222M025JMBS 3480CB229M100JMBS 52.75 

3480LK322M025JMBS 3480CB339M100JMBS 35.166 

3480DB479M100JMBS 24.691 

35VDC WORKING, 44VDC SURGE Snes ere eS 1 ‘ ee 

3480DB220M03SJMBS 3480GD330M100JMBS 3.516 

3480DB330M03SJMBS 3480GF470M100JMBS 2.469 

3480FC470M035JMBS 3480HF101M100JMBS 1.160 

et ESTE eR a 3480KG221M100JMBS 528 

3480KJ331M100JMBS 351 

3480HF33 1MO03SJMBS 3480LL471M100JMBS 248 
3480HG471M035JMBS 


3480KG102M035JMBS 
3480LL222M035JMBS 
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SERIES 3480 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


V 


STANDARD CAPACITANCE VALUES o 
Maximum Max. RMS Maximum Max. RMS 3 
ESR Ripple Current ESR Ripple Current S' 
Capacitance Philips Components (OHMS) AMPS at Capacitance Philips Components (OHMS) AMPS at c 
Part Number 120Hz, 25°C | 120Hz, 85°C Pert Number 120Hz, 25°C | 120Hz, 85°C 5 
160VDC WORKING, 200VDC SURGE 250VDC WORKING, 300VDC SURGE mm 
3480DB478M160JMBS 3480GD109M250JMBS 0 
3480DB109M160JMBS 3480GD229M250JMBS 1) 
3480FC229M160JMBS 3480GD339M250JMBS .) 
3480GD339M160JMBS 3480GD479M250JMBS a 
3480GD479M160JMBS 3480HF100M250JMBS 6 
3480GD100M160JMBS 3480HG220M250JMBS ~<a 
3480HF220M160JMBS 3480KG330M250JMBS “< 
3480HG330M160JMBS 3480KJ470M250JMBS Pe 
3480KG470M160JMBS S 
3480KL101M160JMBS 
©) 
= re ret) 
3480GD339M200JMBS Case | Diameter| Length xs) 
3480GD479M200JMBS | Code (mm) (mm) . 
3480GF100M200JMBS 
3480HF220M200JMBS HG 12.5 25 “ts 
3480KG330M200JMBS KG 16 25 ay 
3480KG470M200JMBS KJ 16 Sled 4 
3480LK101M200JMBS KL 16 SoD % 
18 
18 


HOW TO SPECIFY 


Series 3480 Capacitors can be completely specified using the following designation: 


3480 GF 471 M 016 J B Ss 
Philips Components Toletance soc 5 
Product Series M=+20% Sear me Bulk 
T=Tape and Reel 
Case Size Code Voltage 
(see physical 016=16VDC rasa 
cae 100=100VDC Insulation Configuration 
Canskhiare 6P3=6.3VDC M=Standard PVC eHeminuad 
XX=Significant Digits Options (see Application 
X=Multiplier Mechanical C=Cut —_ Guidelines) 
ie. 471=470pF Characteristics D=Forming Cut 
470= 47uF J=Standard F=Snap in Forming Cut 
478=.47 uF P=Solvent Resistant* M=Snap in Cut 


H=Cut—6.35mm 


*See “Application Guidelines” section page 120 for approved solvents and cleaning solutions. 
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SERIES 3481 


Miniature Single-Ended Aluminum 
Electrolytic Capacitors 
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DESCRIPTION: FEATURES: 


Series 3481 capacitors exhibit long operating life ™ Very low impedance and ESR. 

(2000 hours at 105°C) and very low impedance ac 

and ESR. They have a higher ripple current rating " Hig d pec Tpke de 

than general purpose aluminum electrolytic © Wide operating temperature range (—9595 to 

capacitors and are suitable for use in switching +105°C). 

power supplies. @ Long life and high reliability equivalent to 2000 
hours at 105°C. 


@ Halogenated Solvent Proof Configuration 
available. 


For Application Guidelines see pages 119-125 
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SERIES 3481 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


CHARACTERISTICS 


Operating Temperature Range oOo 
Capacitance Tolerance —10~+100% (at 120Hz, 20°C) 


Equivalent Series Resistance When measured at a temperature of 20°C and a frequency of 120 and 1000Hz, the ESR shall not exceed 
(ESR) the specified values given in the tables on page 
Impedence When measured at a temperature of 20°C and frequency of 100KHz, the impedance shall to exceed the 
specified values given in the table. 2 
Equivalent Series Inductance When measured at a frequency of 1MHz and within 3mm of the body of the capacitor, the ESL shall not 
exceed 20nH. 


Leakage Current 0.002CV (A) or 2uA, whichever is greater. (After 3 minutes) 
where C: Nominal capacitance (uF) 
V: Rated working voltage (V) 


(at 20°C) 


Capacitance at —55°C shall not be less than 70% of the initial 20°C measured value and the ratio of 
impedance at 120Hz shall not exceed the following values. 


The following specifications shall be satisfied when the capacitors are restored to 20°C after the rated 
voltage applied for 2,000 hours at 105°C. 

Capacitance change <+15% of initial value 

ESR at 120Hz and 1KHz <150% of initial specified value 

Leakage current < initial specified value 


Low Temperature 
Characteristics 


Surge Voltage 
Load Life 


Shelf Life 


Permissible Ripple Current 


The following specifications shall be satisfied when the capacitors are restored to 20°C after exposing 
them at 105°C for 500 hours without voltage applied. 

Capacitance change =+10% of initial77gue 

ESR at 120Hz and 1KHz <150% of initiar specified value 

Leakage current < 200% of initial specified value 


Refer to tables on page. When the ambient temperature and frequency are different from 85°C and 
100KHz respectively, the ripple current shall not exceed the value multiplied by the factor given in Fig. 1 
and Fig. 2, page 80. 


Satisfies characteristics C of JIS C5141*—Test Methods per JIS 5102** 


*May be ordered American National Standards Institute. 


**A summary of these standards appears on page 127. 


STANDARD CAPACITANCE VALUES 
fipele Gaver 


Max. 
Ripple Current 
(A RMS) at 
85°C & 100KHz 


ESR (Q) at 20°C 
Case 
Code 


Capacitance 


Capacitance Philips Components (A RMS) at 
uF Part Number 85°C & 100KHz 


Philips Components 
Part Number 


10VDC WORKING, 13VDC SURGE 16VDC WORKING, 20VDC SURGE 
3481AA470V010JDBS : : 3481AA330V016JDBS 
3481BC101V010JDBS 5; ; 3481BB470V016JDBS 
3481BD221V010JDBS ‘ : ; 3481BC101V016JDBS 


3481CD331V010JDBS : é j 3481CD221V016JDBS 
3481CE471V010JDBS L B ; 3481CE331V016JDBS 
3481CF102V010JDBS : 076 3481CF681V016JDBS 
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SERIES 3481 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


STANDARD CAPACITANCE VALUES 


Philips Components 
Part Number 


3481 AA220V025JDBS 
3481BB330V025JDBS 
3481BC680V025JDBS 
3481BD101V025JDBS 
3481CE221V025JDBS 


3481CF471V025JDBS 


3481AA100V035JDBS 
3481BB220V035JDBS 
3481BC470V035JDBS 
3481 BD680V035JDBS 
3481CE101V035JDBS 
3481CF331V035JDBS 


3 Max. 
ESR (Q) at 20°C Ringia Cutest 


Capacitance Philips Components (A RMS) at 


Part Number 85°C & 100KHz 


63VDC WORKING, 79VDC SURGE 


3481 AA689VO063JDBS 
3481BB100V063JDBS 
3481BC220V063JDBS 
3481 BD330V063JDBS 
3481 CE680V063JDBS 
3481CF101V063JDBS 


3481AA229V100JDBS 
3481BB339V100JDBS 
3481 BC689V100JDBS 
3481BD100V100JDBS 
3481CE220V100JDBS 
3481CF470V100JDBS 


3481AA100VO50JDBS 
3481 BC330V050JDBS 
3481BD470V050JDBS 
3481CE101VO50JDBS 
3481CF221VO50JDBS 


CASE SIZE OF STANDARD PRODUCTS 


ES 


DxL(mm) 


eee Re 
oer 
Tes 


8x11.5 
anne [ios |_| romes | vases, 


16 25 


50 


ee 
eee ar 
nia" 34.00 eye ai 
DARE elt 
fea oeas 
eee 


63 


leocseonre 
8x11.5 
| 8xt1.5 | 


TS 

T0205 | ias2os|isaes| | 12525 
Pesaos| i2szas[ | asa | 
Peseas| [east 
PSTN a a eT 
fo | tsazsp | 


CASE OUTLINE DRAWING 


foe 
Reet 
[|e 
Te _| 
[100 | v0 
[220 [10x20 
[ss0 [2 
[aro [2 


For L<10, oc=1 For D<10, 6=0.5 
For L>10, oc=2 For D>10, B=1 


a eS oe a 
imate aos Peale 
|10_| 


Unit (mm) 


20 min. 5 min. 


10 
50 


See page 126 for mm to inches conversion table. 
Note: All 3481 capacitors have a safety vent. 
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SERIES 3481 


Miniature Single-Ended Aluminum Electrolytic Capacitors 


RIPPLE CURRENT MULTIPLIERS nbs 
: 
1.0 S' 
0.8 16 : 
2750:6 ele 
S a 1.0 m 
Sn0:4 p= ® 
= = © 
0.2 0.8 ct 
0.4 Ls) 
Hh . ay 
50 100 1K 10K 100K 65 75 85 95 105 ‘< 
Frequency (Hz) Temperature (°C) =. 
Fig. 1 Fig. 2 '?) 
= 
CASE DIMENSIONS Py) 
.. 
S 
7) 
HOW TO SPECIFY 
Philips Components Series 3481 Capacitors can be completely specified using the following designation: 
3481 CE 471 a 010 J D 1 Ss 
Philips Components Tolerance Packaging 
Product Series V=—10+100% B=Standard Bulk 
T=Tape and Reel 
Case Size Code ont A=Ammo Pack 
(see physical oltage Lead 
spec) 016=16VDC Insulation Configuration 
100=100VDC D=Polyester S=Standard 
Capacitance ~ 6P3=6.3VDC Options (see Application 
XX=Significant Digits C=Cut Guidelines) 
X=Multiplier Mechanical D=Forming Cut 
i.e. 471=470uF Characteristics F=Snap in Forming Cut 
470= 47uF J=Standard M=Snap in Cut 
478=.47 uF P=Solvent Resistant 


*See “Application Guidelines’ section page 120 for approved solvents and cleaning conditions. 


Philips Components « 6071 St. Andrews Road ¢ Columbia, SC 29212-3198 * (803) 772-2500 ° FAX: (803) 772-2445 59 


a3Ajos4zIaj/F WunuiUINnYy 


ssopede) 


SUPER SNAP" 
SERIES 3487 


Industrial/ Computer Grade Snap-!In 


DESCRIPTION: 


The Series 3487 utilizes a new snap-in terminal 
configuration. This allows fast and easy mounting 
onto printed circuit boards, eliminating the need 
for mounting hardware and reducing assembly 
time. 

State of the art etching and anodizing processes 
have resulted in CV products that are equivalent 
to, or better than, those of most presently avail- 
able aluminum electrolytic capacitors (110,000 uF 
at 6.3 WVDC in a 35 x 80 mm case). 

A newly designed safety vent is integrated into 
the top of the case, opposite from the terminal 
end. The possibility of printed circuit board 
spoilage is thereby reduced. 

A plastic coating of the terminal header is avail- 
able and provides excellent resistance to the 
entrance of most normally used printed circuit 
board cleaners. 

All connections of the 3487 are welded to insure 
long-term electrical integrity. 


Aluminum Electrolytic Capacitors 


FEATURES: 

ELECTRICAL 

@ Extremely high CV density. 

@ Capacitance from 68 to 110,000 pF. 

@ Voltage range from 6.3 WVDC to 450 WVDC. 
@ 85°C ambient operating temperature. 


@ 2,000-hour life at 85°C with rated DC voltage 
applied. 


@ Standard capacitance tolerance +20%. 
@ Excellent frequency response. 
MECHANICAL 

@ Snap-in (self-mounting) terminals 

@ All welded construction 


= Venting mechanism at the top of the case for 
better printed circuit board protection. 


fi Pitchless construction (no potting compound). 


m@ Protective plastic end seal to allow on-board 
cleaning (upon request). 


@ integral stand off feet on terminal cover for ease 
of board cleaning. 


For Application Guidelines see pages 119-125 
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SUPER SNAP’ 
SERIES 3487 


CAPACITANCE | PHILIPS COMPONENTS 
F 


15000 
18000 
27000 
18000 
22000 


27000 
39000 
56000 
80000 
27000 
33000 
39000 
56000 
81000 
110000 


CAPACITANCE | PHILIPS COMPONENTS 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD153M6P3DF 
3487BE183M6P3DF 
3487BF273M6P3DF 
348700183M6P3DF 
3487CD223M6P3DF 
3487CE273M6P3DF 
3487CF393M6P3DF 
3487CG563M6P3FF 
3487CH803M6P3FF 
3487DC273M6P3DF 
3487DD333M6P3DF 
3487DE393M6P3DF 
3487DF563M6P3DF 
3487DG813M6P3FF 
3487DH114M6P3FF 


PART NUMBER 


3487BD123M010DF 
3487BE153M010DF 
3487BF223M010DF 
34870C153M010DF 
3487C0D183M010DF 
3487CE223M010DF 
3487CF333M010DF 
3487CG393M01 OFF 
3487CH563M01 OFF 
3487DC223M010DF 
3487DD273M010DF 
3487DE333M010DF 
3487DF473M010DF 
3487DG563M01 OFF 
3487DH823M010FF 


PART NUMBER 


3487BD103M016DF 
3487BE123M016DF 
3487BF183M016DF 
3487C0103M016DF 
3487C0D153M016DF 
3487CE183M016DF 
3487CF223M016DF 
3487CG333M016FF 
3487CH473M016FF 
3487D0153M016DF 
3487DD223M016DF 
3487DE273M016DF 
3487DF393M016DF 
3487DG473M016FF 
3487DH683M016FF 


6.3 VDC WORKING, 8 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25C | 120HZ +85C 


10 VDC WORKING, 13 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25C€ | 120HZ +85C 


16 VDC WORKING, 20 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25€ | 120HZ +85C 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD682M025DF 
3487BE822M025DF 
3487BF123M025DF 
3487CC682M025DF 
3487CD103M025DF 
3487CE123M025DF 
3487CF183M025DF 
3487CG223M025FF 
3487CH333M025FF 
3487DC103M025DF 
3487DD153M025DF 
3487DE183M025DF 
3487DF223M025DF 
3487DG333M025FF 
3487DH473M025FF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD472M035DF 
3487BE682M035DF 
3487BF822M035DF 
3487CC562M035DF 
3487CD682M035DF 
3487CE103M035DF 
3487CF123M035DF 
34870G183M035FF 
3487CH223M035FF 
3487DC822M035DF 
3487DD103M035DF 
3487DE123M035DF 
3487DF183M035DF 
3487DG223M035FF 
3487DH333M035FF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD332M050DF 
3487BE392M050DF 
3487BF562M050DF 
3487CC332M050DF 
3487CD472M050DF 
3487CE562M050DF 
3487CF822M050DF 
3487CG103MO050FF 
3487CH153MO050FF 
3487DC472MO050DF 
3487DD682M050DF 
3487DE822M050DF 
3487DF123M050DF 
3487DG153M050FF 
3487DH223M050FF 


25 VDC WORKING, 32 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25C | 120HZ +85C 


35 VDC WORKING, 44 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25C | 120HZ +85C 


50 VDC WORKING, 63 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 
120HZ +25€ | 120HZ +85C 
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SUPER SNAP" 
SERIES 3487 


300 VDC WORKING, 350 VDC SURGE 


MAXIMUM 
ESR 
CAPACITANCE | PHILIPS COMPONENTS (OHMS) 
PART NUMBER 


3487BD101M300DF 
3487BE121M300DF 
3487BF181M300DF 
3487C0121M300DF 
3487CD151M300DF 
3487CE181M300DF 
3487CF271M300DF 
3487CG331 M300FF 
3487CH471M300FF 
3487D0181M300DF 
3487DD221M300DF 
3487DE271M300DF 
3487DF391M300DF 
3487DG471M300FF 
3487DH681M300FF 


MAXIMUM 
ESR 
(OHMS) 


3487BD101M350DF 
3487BE121M350DF 
3487BF151M350DF 
348700101M350DF 
3487C0D151M350DF 
3487CE181M350DF 
3487CF271M350DF 
3487CG331M350FF 
3487CH471M350FF 
3487D0151M350DF 
3487DD221M350DF 
3487DE271M350DF 
3487DF331M350DF 
3487DG471M350FF 
3487DH681M350FF 


3487BD820M400DF 
3487BE101M400DF 
3487BF151M400DF 
3487C0101M400DF 
3487CD121M400DF 
3487CE151M400DF 
3487CF221M400DF 
3487CG271M400FF 
3487CH391M400FF 
3487D0121M400DF 
3487DD181M400DF 
3487DE221M400DF 
3487DF331M400DF 
3487DG391M400FF 
3487DH561M400FF 
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450 VDC WORKING, 500 VDC SURGE 


PHILIPS COMPONENTS 


PART NUMBER 


3487BD680M450DF 
3487BE820M450DF 
3487BF121M450DF 
3487CC820M450DF 
3487CD101M450DF 
3487CE121M450DF 
3487CF181M450DF 
3487CG221M450FF 
3487CH331M450FF 
3487D0121M450DF 
3487DD151M450DF 
3487DE181M450DF 
3487DF271M450DF 
3487DG331M450FF 
3487DH471M450FF 


MAX 
RIPPLE 
(AMP) 
120HZ +25C€ | 120HZ +85C 


761 
1.00 
761 
.888 
1.02 
1.35 
1.64 
2.20 
.994 
1.19 
1.35 
1.7% 
2.16 


SUPER SNAP 
SERIES 3488 


Industrial/ Computer Grade Snap-in = 
Aluminum Electrolytic Capacitors 


DESCRIPTION: 


The Series 3488 utilizes a new snap-in terminal 
configuration. This allows fast and easy mounting 
onto printed circuit boards, eliminating the need 
for mounting hardware and reducing assembly 
time. 

A newly designed safety vent is integrated into 
the top of the case, opposite from the terminal 
end. The possibility of printed circuit board 
spoilage is thereby reduced. 

A plastic coating of the terminal header is avail- 
able and provides excellent resistance to the 
entrance of most normally used printed circuit 
board cleaners. 

All connections of the 3488 are welded to insure 
long-term electrical integrity. 
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FEATURES: 


ELECTRICAL 

@ Capacitance from 150 to 56,000 iF. 

m@ Voltage range from 6.3 WVDC to 250 WVDC. 
@ 85°C ambient operating temperature. 


@ 2,000-hour life at 105°C with rated DC voltage 
applied. 


@ Standard capacitance tolerance +20%. 
@ Excellent frequency response. 
MECHANICAL 

@ Snap-in (self-mounting) terminals 

@ All welded construction 


= Venting mechanism at the top of the case for 
better printed circuit board protection. 


m@ Pitchless construction (no potting compound). 


@ Protective plastic end seal to allow on-board 
cleaning (upon request). 


@ Integral stand off feet on terminal cover for ease 
of board cleaning. 
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SUPER SNAP” 
SERIES 3488 


6.3 VDC WORKING, 9 VDC SURGE 25 VDC WORKING, 40 VDC SURGE 


ck MAXIMUM MAXIMUM MAX 
= ESR ESR RIPPLE 
3 CAPACITANCE | PHILIPS COMPONENTS (OHMS) CAPACITANCE | PHILIPS COMPONENTS (OHMS) (AMP) 
* PART NUMBER 120HZ +25C | 120HZ +85C PART NUMBER 120HZ +25C | 120HZ +85C 
8 

wa 3488BD153M6P3DF 3488BD562M025DF 
ie 3488BE223M6P3DF 3488BE822M025DF 
od 3488BF273M6P3DF 3488BF103M025DF 

3488CC183M6P3DF 3488CC682M025DF 
m 3488CD223M6P3DF 3488CD822M025DF 
® 3488CE273M6P3DF 3488CE123M025DF 
8 3488CF393M6P3DF 3488CF153M025DF 
fad 3488DC273M6P3DF 3488DC103M025DF 
<Q 3488DD333M6P3DF 3488DD123M025DF 
= 3488DE393M6P3DF 3488DE153M025DF 
‘S$ 3488DF563M6P3DF 3488DF223M025DF 
>~T 
i) 10 VDC WORKING, 15 VDC SURGE 35 VDC WORKING, 50 VDC SURGE 
2) MAXIMUM MAXIMUM | MAX 
2 ESR ESR RIPPLE 
9 CAPACITANCE | PHILIPS COMPONENTS (OHMS) CAPACITANCE | PHILIPS COMPONENTS (OHMS) (AMP) 
& PART NUMBER PART NUMBER 120HZ +25C | 120HZ +85C 
en 3488BD 123M010DF 3488BD472M035DF 
s) 3488BE153M010DF 3488BE562M035DF 
». 3488BF223M01 0DF 3488BF822M035DF 


348800123M010DF 
3488CD183M010DF 
3488CE223M010DF 
3488CF333M010DF 
3488DC223M010DF 
3488DD273M010DF 
3488DE333M01 ODF 
3488DF473M010DF 


CAPACITANCE | PHILIPS COMPONENTS 
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PART NUMBER 


3488BD103M016DF 
3488BE123M016DF 
3488BF183M016DF 
348800103M016DF 
3488CD153M016DF 
3488CE183M016DF 
3488CF223M016DF 
3488DC153M016DF 
3488DD223M016DF 
3488DE273M016DF 
3488DF333M016DF 


MAXIMUM 
ESR 
(OHMS) 


3488CC562M035DF 
3488CD682M035DF 
3488CE822M035DF 
3488CF123M035DF 
3488DC682M035DF 
3488DD103M035DF 
3488DE123M035DF 
3488DF183M035DF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3488BD272M050DF 
3488BE332M050DF 
3488BF472M050DF 
348800272M050DF 
3488CD392M050DF 
3488CE472M050DF 
3488CF682M050DF 
3488DC392M050DF 
3488DD562M050DF 
3488DE682M050DF 
3488DF1 03M050DF 


50 VDC WORKING, 75 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 
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SUPER SNAP™ 
SERIES 3489 


63 VDC WORKING, 90 VDC SURGE 


MAXIMUM | 
ESR 
(OHMS) 
120HZ +25C | 120HZ +85C 


PAPACITANCE | PHILIPS COMPONENTS 
PART NUMBER 


3488BD182M063DF 


2200 3488BE222M063DF 
3300 3488BF332M063DF 
2200 3488C0222M063DF 
2700 34880D272M063DF 
3300 3488CE332M063DF 
4700 3488CF472M063DF 
2700 3488DC0272M063DF 
3900 3488DD392M063DF 
4700 3488DE472M063DF 


3488DF682M063DF 


MAXIMUM 
ESR 
(OHMS) 


PART NUMBER 
3488BD122M080DF 


1500 3488BE152MO080DF 
2200 3488BF222M080DF 
1200 348800 122MO080DF 
1800 3488C0D182M080DF 
2200 3488CE222MO080DF 
3300 3488CF332M080DF 
1800 3488DC182M080DF 
2700 3488DD272M080DF 
3300 3488DE332M080DF 


3488DF472M080DF 


100 VDC WORKING, 150 VDC SURGE 


CAPACITANCE | PHILIPS COMPONENTS 
PART NUMBER 


820 3488BD821M100DF 
1000 3488BE102M100DF 
1200 3488BF122M100DF 

820 348800821M100DF 
1200 3488CD122M100DF 
1500 3488CE152M100DF 
2200 3488CF222M100DF 
1200 3488DC122M100DF 
1800 3488DD182M100DF 
2200 3488DE222M100DF 


3488DF272M100DF 


160 VDC WORKING, 200 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 


CAPACITANCE | PHILIPS COMPONENTS 
PART NUMBER 


3488BD271M160DF 
3488BE391M160DF 
3488BF561M160DF 
348800331M160DF 
34880D471M160DF 
3488CE561M160DF 
3488CF681M160DF 
3488DC471M160DF 
3488DD561M160DF 
3488DE821M160DF 
3488DF102M160DF 


CAPACITANCE | PHILIPS COMPONENTS 
PART NUMBER 


3488BD271M200DF 
3488BE391M200DF 
3488BF471M200DF 
348800331M200DF 
34880D471M200DF 
3488CE561M200DF 
3488CF681M200DF 
3488DC471M200DF 
3488DD561M200DF 
3488DE821M200DF 
3488DF102M200DF 


3488BD151M250DF 
3488BE181M250DF 
3488BF271M250DF 
348800181M250DF 
3488CD221M250DF 
3488CE271M250DF 
3488CF391M250DF 
3488DC221M250DF 
3488DD331M250DF 
3488DE391M250DF 
3488DF561M250DF 
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SUPER SNAP 
SERIES 3487 


CAPACITANCE | PHILIPS COMPONENTS 


CAPACITANCE | PHILIPS COMPONENTS 
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CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD222M063DF 
3487BE272M063DF 
3487BF392M063DF 
3487CC222M063DF 
3487CD332M063DF 
3487CE392M063DF 
3487CF562M063DF 
3487CG682M063FF 
3487CH103M063FF 
3487DC332M063DF 
3487DD472M063DF 
3487DE562M063DF 
3487DF822M063DF 
3487DG103M063FF 
3487DH153M063FF 


PART NUMBER 


3487BD122MO080DF 
3487BE182MO080DF 
3487BF222M080DF 
3487C0C152M080DF 
3487CD182M080DF 
3487CE272M080DF 
3487CF332M080DF 
3487CG472MO080FF 
3487CHE82M080FF 
3487DC222M080DF 
3487DD272M080DF 
3487DE332M080DF 
3487DF472M080DF 
3487DG682M080FF 
3487DH822M080FF 


PART NUMBER 


3487BD821M100DF 
3487BE122M100DF 
3487BF152M100DF 
3487C00102M100DF 
3487CD122M100DF 
3487CE182M100DF 
3487CF222M100DF 
3487C0G272M100FF 
3487CH392M1 OOFF 
3487D0152M100DF 
3487DD182M100DF 
3487DE222M100DF 
3487DF332M100DF 
3487DG392M1 OOFF 
3487DH562M1 OOFF 


63 VDC WORKING, 79 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 


80 VDC WORKING, 100 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 


100 VDC WORKING, 125 VDC SURGE 


MAXIMUM 
ESR 
(OHMS) 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD271M160DF 
3487BE331M160DF 
3487BF471M160DF 
348700271M160DF 
3487CD391M160DF 
3487CE471M160DF 
3487CF681M160DF 
3487CG821M160FF 
3487CH122M160FF 
3487DC331M160DF 
3487DD561M160DF 
3487DE681M160DF 
3487DF102M160DF 
3487DG122M160FF 
3487DH182M160FF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD221M200DF 
3487BE271M200DF 
3487BF391M200DF 
348700221M200DF 
3487C0D271M200DF 
3487CE331M200DF 
3487CF471M200DF 
3487C0G561M200FF 
3487CH391M200FF 
3487DC0561M200DF 
3487DD681M200DF 
3487DE821M200DF 
3487DF102M200DF 
3487DG122M200FF 
3487DH152M200FF 


CAPACITANCE | PHILIPS COMPONENTS 


PART NUMBER 


3487BD181M250DF 
3487BE221M250DF 
3487BF331M250DF 
348700221M250DF 
3487CD271M250DF 
3487CE331M250DF 
3487CF471M250DF 
3487CG561M250FF 
3487CH331M 250DF 
3487DC391M250DF 
3487DD471M250DF 
3487DE681M250DF 
3487DF821M250DF 
3487DG102M250FF 
3487DH122M250FF 


160 VDC WORKING, 200 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25€ | 120HZ +85C 


200 VDC WORKING, 250 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C€ | 120HZ +85C 


250 VDC WORKING, 300 VDC SURGE 


MAXIMUM MAX 
ESR RIPPLE 
(OHMS) (AMP) 
120HZ +25C | 120HZ +85C 
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SUPER SNAP” 
SERIES 3489 


Industrial/Computer Grade Snap-in Aluminum 


Special Design For “Off-Line” Switching Application 


DESCRIPTION 


The series 3489 is specially designed for input 
capacitor application in off line switching power 
supplies. It utilizes a new snap-in configuration 
with integral standoffs. This allows fast and easy 
mounting into circuit boards. The standoffs pro- 
vide space between capacitor body and PWB for 
easy cleaning and preventing cleaning fluid 
entrapment. 

State of the art etching and anodizing process 
results in extremely high CV product in the applic- 
able 200 and 250 W.V. area. This combined with 
very lowE.S.R. and ripple current capability pro- 
duce a capacitor ideal for off line switch mode 
application. 

The specially designed safety vent in the top of 
the can minimizes PWB damage by electrolyte 
spill in case of venting. 

All internal and external connections of the 3489 
are welded to ensure integrity of all contacts. 
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Electrolytic Capacitor 


FEATURES 


ELECTRICAL 
@ Very high CV density. 


@ Capacitance from 270 to .1200 
@ Voltage range of 200 and 250 VDC. 
@ 85°C ambient operating temperature. 


@ 2000 hour life at 85°C with rated DC voltage 
applied. 


m Standard capacitor tolerance of +20%. 

@ Excellent high frequency response. 

@ LowE.S.R. with high ripple current ratings. 
MECHANICAL 

@ Snap-in (self mounting) terminals. 

@ All welded connectors. 


@ Top mounted safety vent device for PWB 
protection. 


m Pitchless construction (no potting compound) 


@ Integral standoff feet on terminal end for 
improved PWB cleaning. 
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SUPER SNAP’ 
Ey SERIES 3489 


Ss 200 VDC WORKING, 250 VDC SURGE 
> MAXIMUM 
5 ESR 
CAPACITANCE | PHILIPS COMPONENTS (OHMS) 
S' PART NUMBER 
& 3489BD331M200DF 
e 3489BE471M200DF 
3489BF681M200DF 

m 348900391 M200DF 
© 3489CD561M200DF 
8 3489CE681M200DF 
a 3489CF102M200DF 
PY 3489DC561M200DF 
<3 3489DD821M200DF 
ne 3489DE102M200DF 
fa 3489DF122M200DF 

q 
i) 
?) 
Ct) MAXIMUM 
3 ESR 
a CAPACITANCE | PHILIPS COMPONENTS (OHMS) 
Q PART NUMBER 
S 3489BD271M250DF 
= 3489BE331M250DF 
% 3489BF471M250DF 


348900331M250DF 
3489CD391M250DF 
3489CE471M250DF 
3489CF681M250DF 
3489D0391M250DF 
3489DD561M250DF 
3489DE681M250DF 
3489DF102M250DF 
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SERIES 3500 


A.C. Motor Start Capacitor 


DESCRIPTION 


Philips Components Series 3500 A.C. motor-start 
capacitor is an electrochemical device consisting 
of compactly wound aluminum foil separated by 
layers of paper, which are impregnated with a 
conducting electrolyte. Etching of the foil prior to 
formation and winding increases both the effec- 
tive foil surface area and the capacitance per 
unit volume of the finished capacitor. The entire 
assembly is housed in a molded plastic container. 


Capacitors are rated for operation in ambient 
temperatures from —40°C to +65°C, and at a 
frequency of 50 Hz to 60 Hz. 

Two case styles are available along with a choice 
of terminals and mounting methods. Four terminal! 
types are available. All have a special metal to 
metal under cover connection for positive ter- 
minal contact with the capacitor roll tabs. On 
special order, units can be supplied with bleeder 
resistors soldered across the terminals. 


FEATURES 


m@ Plastic case requires no insulation. 


#@ Stable electrical characteristics after 75,000 
starts (110VAC and 125VAC). 


@ Type 3535 meets EIA Type | specifications. 
@ Type 3534 meets EIA Type II specifications. 
@ Longer life due to cooler operation. 

@ Four terminal types available. 
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SERIES 3500 


A.C. Motor Start Capacitor 


CASE DIMENSIONS AND STYLES CASE OUTLINE DRAWING 


Dimensions in Inches 


C Style n r= 
D H Mean ass 


Case Size +0.010 +0.020 W (Max) Ng ome ligk 

1 1 Ae 244 0.032 ie oe 
2 1%6 3% 1032 depth) 
s) 1% 4% 032 
4 16 3% 032 TERMINAL SPACING 
5 1136 43, 032 
6 2 he 338 O32 
7 2 "he 43/g (O32 
8 26 43g 032 

END CAPS 
Bottom Lead Hole Top Lead Hole END CAPS 


Case Size CatalogNo. Case Size Catalog No. 


1,2,3 614A766AAP1 1,2,3 614A766ABP1 
4,5 614A766AAP2 4,5 614A766ABP2 
Lehi 614A766AAP3 oh 16 


Bottom Lead Hole Top Lead Hole 


614A766ABP3 
8 614A766AAP4 8 614A766ABP4 
BRACKETS 
Case 
Size Catalog No. A B C D E 
3,5,7,8 614A765ABP1 5.015 4.656 2.0 — 2.078 


2,4,6 614A765ABP2 4.015 3.650 1.703 .906 1.578 
1 614A765ABP3 3.374 3.015 1.062 .586 1.258 


4 aes 


~at.oo7" 


LEADS AND TERMINALS 


If required, leads (with or without terminals) can 
be supplied at extra cost. Standard lengths vary TERMINALS 


from 4 to 28 inches in 2-inch increments. Lead 


a — a op, 0) 
wire is #18 stranded copper conductor with 0.062" se oy 
min. thickness thermoplastic insulation. Insulation be cel) 


is stripped 42" from ends, and bared lead is tinned. Type A Type B Type C Type 
. . Double QC Single QC Double QC Solder lug 
Upon request, leads can be supplied with ter- with solder lug 
minals affixed to one end. Either eyelet or female | 
. . . (Quick-connect terminals are also suitable for soldered connections). 
quick-connect terminals are available. 


Evelet Female 
=) ‘ ae quick-connect 
ss cc terminal 
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SERIES 3500 


A.C. Motor Start Capacitor 


STANDARD CAPACITANCE VALUES EIA TYPE | 


UF Case UF Case 


2 
~ 


quan 


110 VOLTS AC 165 VOLTS AC = 
21-25 1 3535B 1A0021A110** 53-64 1 3535B 1A0053A 165** iF 
25-30 1 3535B1A0025A110** 64-77 1 3535B 1A0064A165** mat 
30-36 1 3535B 1A0030A 1 10"* 72-88 1 3535B 1A0072A165** ® 
36-43 1 SE OSS INOS 88-108 2 3535B 2A0088A 165** 8 
43-53 1 SS WOE NO 108-130 2 3535B 2A0108A165** a 
47-S6 1 3535B 1A0047A110 124-149 4 3535B4A0124A165** = 
53-64 1 3535B 1 A00S3A110** 130-156 4 3535B4A0130/A 165** \e) 
64-77 1 Soe eee ey 145-175 4 3535B4A0145A165** >) 
72-88 1 3535B 1A0072A110 161-193 4 3535B4A0161A165** < 
88-108 u SEES cy SU 189-227 4 3535B4A0189A 165** mae 

108-130 1 3535B1A0108A110 216-259 5 3535B5A0216A165** ye) 
124-149 1 3535B1A0124A1 10** 233-280 5 3535B5A0233A 165** 
130-156 1 3535B 1A0130A110** 243-292 5 3535B5A0243A165** '?) 
145-175 1 3535B 1A0145A110*™ 270-324 5 3535B5A0270A165** st) 
161-193 1 3535B1A0161A110** 340-408 7 3535B7A0340A165** 3 
189-227 2 3535B2A0189A110** 400-480 8 3535B8A0400A 165** 
216-259 2 3535B2A0216A110** 5 
233-280 2 3535B 2A0233A 1 10** 
243-292 4 3535B4A0243A110** 220VOLTS AC ~y 
270-324 4 3535B4A0270A110** 
21-25 1 3535B 1A0021A220** 
340-408 4 3535B4A0340A 1 10** 25-30 1 3535B1A0025A220** ° 
378-440 4 3535B4A0378A1 10** 30-36 1 3535B 1A0030A220** ~” 
400-480 4 3535B4A0400A110** 
36-43 2 3535B 2A0036A220** 
430-516 4 3535B4A0430A110** 13-53 3 3535B2A0043A220** 
460-552 4 3535B4A0460A1 10** 47-56 2 3535B 2A0047A220** 
540-648 7 3535B7A0540A110** 
53-64 4 3535B4A0053A220** 
710-850 8 3585B8A0710A110** 72-88 y 3535B4A0072A220** 
88-108 4 3535B4A0088A220** 
125 VOLT A 108-130 5 3535B5A0108A220** 
5S VOLTS Cc 124-149 5 3535B5A0124A220** 
21-25 3535B 1A0021A125** 130-156 5 3535B5A0130A220** 
25-30 3535B 1A0025A 1 25** 145-175 Tf 3535B7A0145A220** 
30-36 3535B 1A0030A 1 25** 161-193 8 3535B8A0161A220** 
36-43 3535B1A0036A1 25** 189-227 8 3535B8A0189A220** 


43-53 
47-56 
53-64 
64-77 
72-88 


88-108 
108-130 
124-149 


130-156 
145-175 
161-193 


189-227 
216-259 
233-280 


243-292 
270-324 
340-408 
378-440 
400-480 
430-516 


460-552 
560-648 


3535B 1A0043A1 25** 


3535B1A0047A125** 250 VOLTS AC 


3535B 1A0053A1 25** 

3535B 1A0064A 1 25** P25) 

3535B 1A0072A1 25** 25-30 
30-36 


3535B 1A0088A1 25** 

3535B 1A0108A1 25** 36-43 

3535B1A0124A125** 43-53 
47-56 


3535B1A0130A1 25** 

3535B2A0145A125** 53-64 

3535B2A0161A125** 64-77 
72-88 


3535B2A01 89A1 25** 

3535B4A0216A1 25** 88-108 

3535 B4A0233A1 25** 108-130 
124-149 


3535B4A0243A125** 

3535B4A0270A125** 130-156 
3535B5A0340A 1 25** 145-175 
3535B5A0378A 1 25** 161-193 
3535B5A0400A125** 


3535B7A0430A1 25** 330 VOLTS AC 
3535B7A0460A125** 
3535B8A0560A125** 


3535B 1A0021A250** 
3535B 1A0025A250** 
3535B 1 AOO30A250** 


3535B2A0036A 250** 
3535B4A0043A 250** 
3535B4A0047A250** 


3535B4A0053A250** 
3535B4A0064A250** 
3535B4A007 2A250** 


3535B5A0088A250** 
3535B5A0108A250** 
3535B7A0124A250** 


3535B8A0130A250** 
3535B8A0145A250** 
3535B8A0161A250** 


MOONOO AAA RAND NH 


CON) SGC] GSES SSSI hope ce’ EseN Gh. Suet ey Ey at Eva yes 


21-25 
25-30 
30-36 
165 VOLTS AC 36-43 

43-53 
47-56 


3535B 2A0021A330** 
3535B 2A0025A330** 
3535B4A0030A330** 


3535B4A0036A330** 
3535B4A0043A330** 
3535B4A0047A330** 
3535B5A0053A330** 


3535B5A0064A330** 
3535B5A007 2A330** 
3535B 7A0088A330** 
3535B8A0108A330** 


3535B 1A0021A165** 
3535B 1A0025A165** 
3535B 1A0030A165** 


53-64 
64-77 
72-88 
88-108 
108-130 


3535B 1A0036A165** 
3535B 1A0043A165** 
3535B 1A0047A165** 


OnNOaO OafAH ANMND 


NOTE: **Last two digits of part number to be assigned by the computer for individual customer identification. Part numbers 
shown are for standard parts. Recessed case, double quick connect terminals. 
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SERIES 3500 


A.C. Motor Start Capacitor 


STANDARD CAPACITANCE VALUES EIA. TYPE Ii 


UF Case 
Min-Max Size 


110 VOLTS AC 


UF 
Min-Max 


165 VOLTS AC 


Part Number 


21-25 1 3534B 1A0021A110** 72-88 
25-30 1 3534B 1A0025A110** 88-108 
30-36 1 3534B 1A0030A 110** 108-130 
36-43 1 3534B 1A0036A 110** 124-149 
43-53 1 3534B 1A0043A 110** 130-156 
47-56 1 3534B1A0047A110** 145-175 
53-64 1 3534B 1A0053A1 10** 161-193 
64-77 1 3534B 1A0064A 110** 189-227 
72-88 1 3534B 1A0072A110** 216-259 
88-108 1 3534B 1A0088A 110** 233-280 
108-130 1 3534B1A0108A110** 043-292 
124-149 1 3534B 1A0124A110** 970-324 
130-156 1 3534B1A0130A110** 340-408 
145-175 1 3534B1A0145A110** 400-480 
161-193 1 3534B1A0161A110** 460-552 
189-227 1 3534B 1A0189A110** 
216-259 2 3534B 2A0216A110** 220 VOLTS AC 
233-280 2 3534B 2A0233A 110** 
243-292 2 3534B 2A0243A 110** 21-25 
270-324 B 3534B2A0270A110** 25-30 
340-408 4 3534B4A0340A110** 30-36 
378-440 4 3534B4A0378A110** 36-43 
400-480 4 3534B4A0400A 110** 43-53 
430-516 4 3534B4A0430A110** 47-56 
460-552 4 3534B4A0460A 110** 53-64 
540-648 5 3534B5A0540A 110** 64-77 
590-708 5 3534B5A0590A 1 10** 72-88 
710-850 7 3534B7A0710A110** 88-108 
829-995 7 3534B7A0829A 110** 108-130 
1000-1200 8 3534B8A1000A110** 124-149 
130-156 
125 VOLTS AC 145-175 
161-193 
21-25 1 3534B 1A0021A125** 189-227 
25-30 1 3534B 1A0025A125** 233-280 
30-36 1 3534B 1A0030A 1 25** 270-324 
36-43 1 3534B 1A0036A125** 
43-53 1 3534B 1A0048A 125** 
47-56 1 3534B 1A0047A125** 250 VOLTS AC 
53-64 1 3534B 1A0053A 125** 21-25 
64-77 1 3534B 1A0064A125** 25-30 
72-88 1 3534B1A0072A125** 30-36 
88-108 1 3534B 1A0088A125** 36-43 
108-130 1 3534B 1A0108A125** 43-53 
124-149 1 3534B1A0124A125** 47-56 
130-156 1 3534B1A0130A125** 53-64 
145-175 1 3534B1A0145A125** 64-77 
161-193 1 3534B1A0161A125** 72-88 
189-227 2 3534B 2A0189A125** 88-108 
216-259 2 3534B 2A0216A125** 108-130 
233-280 2 3534B 2A0233A 1 25** 124-149 
248-292 3 3534B3A0243A 125** 130-156 
270-324 3 3534B3A0270A125** 145-175 
340-408 4 3534B4A0340A 125** 161-193 
378-440 4 3534B4A0378A125** 189-227 
400-480 4 3534B4A0400A 125** 233-280 
430-516 4 3534B4A0430A 125** 
460-552 4 3534B4A0460A 125** 330 VOLTS AC 
560-648 5 3534B5A0560A 1 25** 
645-774 7 3534B7A0645A125** 21-25 
829-995 8 3534BBA0829A 125** 25-30 
A ie Rahs a SANS ET Ee ER eee ee ee er 30-36 
165 VOLTS AC 36-43 
————_——— 43-53 
21-25 1 3534B1A0021A165** 47-56 
25-30 1 3534B 1A0025A165** 53-64 
30-36 1 3534B 1A0030A165** 64-77 
36-43 1 3534B 1A0036A165** 72-88 
43-53 1 3534B 1A0043A 165** 88-108 
47-56 1 3534B 1A0047A165** 108-130 
53-64 1 3534B 1A0053A165** 424-149 
64-77 1 3534B 1A0064A 165** 145-174 


MON NNOOA BRANMN HAHAH ONNOAAMH AFAR ANN = 


MOM NNOGAA HF HAM MNMNA + 


Manmnman OUMHFHA ARAN 


Part Number 


3534B 1A0072A165** 


3534B 1A0088A 165** 
3534B2A0108A165** 
3534B2A0124A165** 
3534B4A0130A165** 


3534B4A0145A165** 
3534B4A0161A165** 
3534B4A0189A165** 
3534B4A0216A165** 


3534B5A0233A 165** 
3534B5A0243A165** 
3534B5A0270A165** 
3534B7A0340A165** 


3534B 7A0400A165** 
3534B8A0460A 165** 


3534B 1A0021A220** 
3534B 1A0025A220** 
3534B 1A0030A220** 
3534B 1A0036A220** 
3534B 2A0043A 220** 


3534B2A0047A220** 
3534B 2A0053A220** 
3534B4A0064A 220** 
3534B4A007 2A220** 
3534B4A0088A 220** 


3534B4A0108A220** 
3534B5A0124A220** 
3534B5A0130A220** 
3534B7A0145A220** 
3534B7A0161A220** 


3534B7A0189A220** 
3534B8A0233A220** 
3534B8A0270A220** 


3534B1A0021 A250** 
3534B 1A0025A250** 
3534B2A0030A250** 
3534B 2A0036A 250** 
3534B 2A0043A250** 


3534B 2A0047A250** 
3534B4A0053A 250** 
3534B4A0064A 250** 
3534B4A0072A250** 
3534BS5SA0088A250** 


3534B5A0108A250** 
3534B5A0124A250** 
3534B5A01 30A250** 
3534B7A0145A250** 
3534B7A0161A250** 


3534B8A01 89A250** 
3534B8A0233A 250** 


3534B 2A0021A330** 
3534B2A0025A330** 
3534B4A0030A330** 
3534 B4A0036A330** 


3534B4A0043A330** 
3534B4A0047A330** 
3534 B5SA0053A330** 
3534B5A0064A330** 
3534B5A0072A330** 


3534B 7A0088A330** 
3534B8A0108A330** 
3534B8A0124A330** 
3534B8A0145A330** 


NOTE: **Last two digits of part number to be assigned by the computer for individual customer identification. Part numbers 


shown are for standard parts. Recessed case, double quick connect terminals. 
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SERIES 3500 


A.C. Motor Start Capacitor 


PERFORMANCE SPECIFICATIONS 


1. TEMPERATURE. 

1.1 Operating. These capacitors are designed 
to operate within the ambient temperature range 
Ole 00. C10 65°C. 

1.2 Storage. These capacitors may be subjected, 
without permanent damage, to conditions in 
transit where temperatures range from —55°C to 
TOOT, 

1.3 Tolerance. Unless otherwise specified, tem- 
perature tolerance shall be +3°C. 

2. FREQUENCY. Unless otherwise specified, 
frequency shall be 50-60 Hz. 

3. VOLTAGE RATING. The rated voltage is the 
rms value of AC voltage at which the capacitor 
may be operated at its normal duty cycle and 
maximum ambient temperature. 

4. CAPACITANCE AND POWER FACTOR. 


4.1 Measurement. Using the circuit shown in 
Fig.1, apply rated voltage to the capacitor and 
measure current and power dissipated. Current 
shall be measured within 3 seconds, dissipated 
power within 4 seconds after application of rated 
voltage. 


60 Hz Capacitor 


FIGURE 1 Under Test 


4.2 Temperature. Measurement shall be made at, 
or referred to, a temperature of 25°C. 
4.3 Calculation of Capacitance and Power Factor. 


%PF = x 100 


WwW 
VI 
Where C is capacitance in ufs 
lis current in amperes 
7 is a constant (3.14) 
f is frequency in hertz 
V is applied voltage 
PF is the power factor 
W is power dissipated in watts 
4.4 Requirements. Capacitance shall be within 


specified limits and the power factor shail not 


exceed 10%. 
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5. LIFE TEST* 

5.1 Capacitors shall be placed in a circulating 
air oven at an ambient temperature of 65°C. 
Spacing between capacitors must be at least 1" 
and capacitors must not be subjected to direct 
radiation from heating elements. Circulation of 
air shall be sufficient to keep the temperature, 
within six (6) inches of the capacitor, below 68°C. 
* Caution—Confine capacitor(s) under test to 
isolate all electrical connections for the safety of 
personnel. 

5.1.1 A resistance equivalent to approximately 
10% of the capacitor impedance shall be con- 
nected in series with each capacitor. A resistor 
of approximately 1000 ohms shall be connected 
in parallel with each capacitor. 

5.1.2 Rated voltage shall be applied to the 
capacitor resistor combination for 3535 capac- 
itors EIA Type | as specified below. Table is per 
EIA Standard RS-463. 


Rated Duty Minimum 
Voltage Voltage Cycle Cycle Number Starts 
10.195 2 times per 0.0250 75,000 
and 125 minute 34 sec. on; 
29% sec. Off. 
165, 220, 250 1timeperminute 0.0167 40,000 
and 330 1 sec. on; 
59 sec. off. 
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SERIES 3500 


A.C. Motor Start Capacitor 


5.1.3 Rated voltage shall be applied to the 
capacitor resistor combination for 3534 capac- 
itors EIA Type Il as specified below. Table is per 
EIA Standard RS-463. 


Capacitance 
Rating 
(mfd) 


Duty Cycle Duration 


21-25 
130-156 
270-324 
400-480 
590-708 


124-149 
243-292 
378-454 
540-648 
850-1020 


21-25 
124-149 
216-259 
378-454 
540-648 
829-995 


21-25 
108-130 
161-193 
243-292 
400-480 
645-774 


21-25 
108-130 
130-156 
233-280 
378-454 


108-130 
189-227 
340-408 
460-552 
815-978 


88-106 
145-174 
233-280 
378-454 
590-708 
800-960 


88-106 
124-149 
216-259 
340-408 
590-708 


*The number of starts shown in this column are reduced starts for 
accelerated testing so that test time does not exceed 35 days. Type 2 
capacitors should be capable of 50,000 starts for ratings to 125 volts and 
40,000 starts for higher voltages. 


5.2 Upon completion of the life test, the capac- 
itors shall be returned to room ambient for a 
minimum of 24 hours.The capacitors shall then 
meet the following requirements: 

5.2.1 Capacitance, when measured per para- 
graph 4, shall not differ from the initial measured 
value by more than 25%. 

5.2.2 The power factor, when measured per 
paragraph 4, shall not exceed 20%. 

6. OVERVOLTAGE TEST. Capacitors shall with- 
stand, without breakdown or visible mechanical 
damage, 140% of rated voltage for one second 
at room temperature (EIA Type | capacitors only). 


7. TERMINAL STRENGTH. At the point of normal 
lead connection, terminals shall withstand a force 
of 5 pounds applied gradually in any direction 
for a period of one minute. There shall be no 
loosening of the terminals or damage to the ter- 
minal or seal. 


8. CASE INSULATION. Capacitors are designed 
to withstand a 1500-volt rms 60-cycle voltage 
applied for 5 seconds between terminals and 
case without breakdown or flashover. 


Rated 
Voltage, 
Test 


Capacitance 
Rating 
(mfd) 


Duration 
of Test * 
Voltage Seconds |Seconds | (Number 
ac (rms) On Off of Starts) 
21-25 43-52 
37-56 72-86 
88-106 | 145-174 
161-193 | 243-292 
270-324 | 430-516 
21-25 30-36 
36-43 64-77 
72-86 88-106 
108-130 | 189-227 
216-259 | 324-389 
21-25 
25-30 
36-43 
72-86 
108-130 


Duty Cycle 


; 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


* The number of starts shown in this column are reduced starts for accelerated testing 
so that test time does not exceed 35 days. Type 2 capacitors should be capable of 
50,000 starts for ratings to 125 volts and 40,000 starts for higher voltages. 
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SERIES 3500 


A.C. Motor Start Capacitor 


9. VIBRATION. Capacitors shall be clamped 
_ rigidly to a vibration platform and subjected to a 
simple harmonic motion having a maximum 
peak-to-peak amplitude of .06 inches and a 
maximum acceleration of 10g. The frequency of 
vibration shall be varied linearly between 10 and 
55 cycles per second. The entire frequency range, 
10 to 55 to 10 cps, shall be traversed in one 
minute. Capacitors shall be vibrated for 1% hours 
with the direction of motion being parallel to the 
axis of the capacitor. The capacitors shall then 
be placed so that the direction of motion is 
perpendicular to the axis and the vibration con- 
tinued for 1% hours. During the last ’ hour of the 
test, the capacitor shall be connected to a bridge 
and observed for a 3 minute period. A capacitor 
failing the vibration test is defined as one failing 
to meet the requirements of paragraph 9.1. 

9.1 There shall be no evidence of loosening of 
the capacitor element within the container, when 
shaken by hand following the test. There shall be 
no indication of intermittent contact during the 
3 minute observation period. Capacitors shall not 
be open or shorted. 


10. MARKING. Capacitors will have the following 
minimum marking: 


Manufacturer’s Name And/Or Symbol 
Manufacturer’s Part Number 
Capacitance (Min-Max Mfd) 

Rated Voltage 

Rated Frequency 

EIA Source and Date Code 


APPLICATION GUIDELINES 


The Philips Components AC Motor Start capacitors 
are non-polar aluminum electrolytic capacitors 
designed for intermittent AC duty; more specifi- 
Cally, the starting of small AC motors. They are 
not suitable for most DC or continuous AC 
applications. 
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1. DUTY CYCLE. The duty cycle of an AC Motor 
Start capacitor may be determined by dividing 
the capacitor’s on-time (energized time) by the 
sum of its on-time (energized time) and its off- 
time (de-energized time). For a given AC Motor 
Start capacitor, operating at a given voltage and 
ambient temperature; the time-averaged power 
dissipated by the capacitor, the internal operating 
temperature of the capacitor and, therefore, the 
life expectancy of the capacitor are all directly 
proportional to the capacitor’s duty cycle. 
1.1 Normal capacitor life may be realized 
(assuming voltage and temperature limits are not 
exceeded) when the on-time of a capacitor does 
not exceed 3 seconds and its duty cycle does 
not exceed 0.0167. Example: Twenty (20) three 
(3) second starts per hour yield a duty cycle of 
0.0167 and does not exceed the three (3) second 
on-time limit. 
1.2 Longer than 3 second on-times are not 
recommended as they will cause the capacitor’s 
life to be shortened. Should they be unavoidable, 
there are certain things that can be done to 
minimize the degradation of the capacitor’s life 
Seige ane! For on-times up to 6 seconds: 
Reduce the duty cycle by increasing the off-time 
*« Reduce the ambient temperature 
- Provide forced air cooling 
- Use a capacitor with a higher voltage rating 
- Series two capacitors each having twice the 
mfd value of the original. 
2. FREQUENCY. These capacitors are designed 
for and are tested at 60 Hz. They are, however, 
suitable for use from 50 to 60 Hz. 
3. VOLTAGE. Rated voltage and overvoltage 
(proof test) have been covered in the PERFOR— 
MANCE SPECIFICATIONS section and will not be 
reiterated here. However, there is a third voltage 
that should be considered in the application of 
AC Motor Start capacitors. 
During the start cycle of a normal capacitor 
motor, the voltage impressed across the AC motor 
start capacitor does not remain constant. It should 
start close to the rated voltage, dip slightly and 
then begin to increase as the motor’s RPM 
increases. Should the start switch fail to open, it 
is possible for the capacitor’s voltage to increase 
to as much as 2 to 3 times the capacitor’s rated 
voltage. 
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SERIES 3500 


A.C. Motor Start Capacitor 


3.1 Normal capacitor life may be realized 
(assuming temperature and duty cycle limits are 
not exceeded) when, during the start cycle, the 
voltage impressed across the capacitor does not 
exceed 125% of its rated voltage. 

4. TEMPERATURE. The storage and operating 
temperatures have been covered in the PER- 
FORMANCE SPECIFICATIONS section. There has 
been some misunderstanding about the —40°C 
lower limit. As the temperature decreases from 
room temperature, capacitance starts to fall and 
% power factor (measurement of losses) starts 
to rise. Either one of these effects will cause a 
decrease in amotor’s starting torque. The effects 
are such that below —40°C, a stalled rotor con- 
dition could occur. However, because the losses 
are so high, the internal capacitor temperature 
will rise rather quickly, thus restoring normal 
start torque. The total effect may just be a delay 
in the motor reaching switch out speed. 

5. SHELF LIFE. The normal shelf life expectancy 
for these capacitors is typically in excess of 5 
years when stored in ambient temperatures not 
exceeding 40°C. 

6. RESISTORS. Some specialized applications 
require that the motor start capacitor be dis- 
charged prior to the closing of the start switch. 
This minimizes shock hazard, Switch Bounce 
noise, and peak contact currents. The resistor 
used to discharge the capacitor should be large 
enough so as not to significantly increase the 
power factor and small enough to insure dis- 
charging the capacitor within the time required. 
Normally, a 15K ohm +20% 2-watt resistor is 
used. Consult factory for this option. 

7. MOUNTING. Vertical mounting of the capacitor 
with the terminals up is recommended; however, 
horizontal mounting with the pressure relief vent 
up is acceptable. Vertical mounting with terminals 
down or horizontal mounting with a relief vent 
down is not recommended as they may reduce 
capacitor life and could impair the operation of 
the pressure relief vent. 


8. CLEANING SOLVENTS. Recommended clean- 
ing solvents are those free of halogens or halogen 
groups such as ethyl alcohol, butyl alcohol, 
methyl alcohol, propyl alcohol and deionized or 
distilled water. 

Solvents that are NOT recommended are halo- 
genated hydrocarbon solvents such as Freon TF® 
Freon TMC® carbon tetrachloride, chloroform, 
trichloroethylene, trichloroethane, and methylene 
chloride. 


9. SAFETY. The watt-second capability of these 
Capacitors is high enough that precautions 
should be taken during the testing and application 
of these devices. Normally, the DC series resis- 
tance of the main and auxiliary windings are such 
that the capacitor is completely discharged prior 
to the motor coming to acomplete stop. However, 
if this is not the case, or if this is deemed 
inadequate, discharge resistors are available 
from the factory. 

9.1 Misapplication, such as exceeding design 
limits or applying continuous AC voltage, may 
result in destruction or explosion of capacitors. 


9.2 Care should be exercised in the mounting 

of these capacitors to insure minimal damage 

in the event of an explosion. 

10. GENERAL. In the event that application 

requirements exceed the parameters expressed 

herein, it is often possible to use a standard 

Capacitor, providing certain ‘tradeoffs’ are 

acceptable. It is also possible that special designs 

and/or manufacturing techniques not normally 

included, could be applied to meet a special 

situation. 

10.1 When consulting the factory about a special 

application or an application problem, the fol- 

lowing minimum information should be available: 

a. Capacitor nameplate information; MFD value, 
voltage, etc. 

. Case size (diameter x length) 

Capacitor’s worst case duty cycle 

. Maximum switch out voltage 

. Maximum ambient temperature 

Any special or unusual application 

characteristic 


“Registered Trademark El DuPont & Company. 
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Aluminum Electrolytic Capacitors 


Performance Specifications 


1. TEMPERATURE 

These capacitors are designed to operate with- 
out derating within the temperature ranges indi- 
cated in the following table. Under non-operating 
conditions they may be subjected to temperatures 
in storage, or in transient at altitudes up to 
the indicated maximum, as shown under NON- 
OPERATING in TABLE |, without permanent 
damage. 


Where a nominal temperature is indicated for 
performing standard measurements or tests in 
this catalog, the temperature tolerance will be 
+3°C unless otherwise specified. 


TABLE | 
AMBIENT TEMPERATURE RANGE 


NON-OPERATING 


OPERATING MAX. 
TEMP (°C) | TEMP (°C) | ALTITUDE (ft.) 


=40 to-+105-)—55.to: +85 200,000 
=55:t0 +89 80,000 
—55 to +85 80,000 
Jot TOO 200,000 
= 01085 80,000 
—55 to +85 80,000 
—99 to +85 80,000 


CAPACITOR 
SERIES 


—40 to +85 
—40 to +105 
—40 to +85 
—40 to +85 
—40 to +105 
—40 to +85 


Low Temperature Peformance: To determine the 
typical capacitance and inpedance at —40°C 
and at a frequency of 120 Hz multiply the 25°C 
measurement times the appropriate multiplier 
below. 


Rated 25°C Cap |25°C Impedance 
DC Voltage | Multiplier Multiplier 


3120, 3191 


i = 4 7 
76-250 85 2.0 


3186, 3188, 0-75 35 9.0 
3487, 3488, 76-250 70 40 
3489 251-450 30 6.0 


2. DC WORKING VOLTAGE 

The DC working voltage is the maximum permis- 
sible operating voltage (DC volts + peak ripple 
voltage) for continuous operation at maximum 
rated temperature. 


3. SURGE VOLTAGE 

The surge voltage is the maximum instantaneous 
voltage to which the capacitor should be sub- 
jected (DC voltage + ripple voltage + transient 
voltage). It must not exceed the value specified 
in the Standard Rating tables. 


SURGE TEST REQUIREMENTS: 
Capacitors shall be connected in series with a 
resistor of the value indicated: 


CAPACITANCE (uF) RESISTOR (ohms) 


0—2500 1000 
2501—25000 100 
25001 —250000 10 
250001—UP 3 


The series combination is then subjected to rated 
surge voltage at the conditions specified in TABLE 
2. The capacitor is allowed to discharge through 
the resistor. Leakage current, when measured as 
described in paragraph 6 below, not sooner than 
four hours after completion of the test, shall not 
exceed the initial leakage current limit. There 
shall be no leaking of the electrolyte and no 
mechanical damage. 
TABLE 2 


DUTY CYCLE 
SEC. SEC. 
CYCLES ON OFF 


PRODUCT TEMPERATURE NO. 
°C 


TYPE 


4. CAPACITANCE 

Capacitance shall be measured on a capacitance 
bridge having a maximum RMS signal voltage of 
1 volt at 120Hz. Capacitance shall be within 
the tolerance specified in TABLE 3 when mea- 
sured at 25°C. 
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Performance Specifications 


TABLE 3 


DC 
CAPACITOR WORKING TOLERANCE 
SERIES VOLTAGE (%) 


3487 6.3—450 +20+20 


3488 6.3—250 =20' +20 


3489 200-250 —20 +20 
RD RA RUS! Nia aS recy eee a 


5. EQUIVALENT SERIES RESISTANCE (ESR) 
The ESR shall be measured by the bridge method 
at the frequency specified in the rating tables 
and 25°C. It shall be within the limits shown 
in the rating tables. 


6. DC LEAKAGE CURRENT TEST 
Preconditioning: In the period 24 to 48 hours 
prior to test, rated working voltage shall be 
applied to the capacitor for the charge times 
shown in TABLE 4. 


Measurement: The leakage current shall be 
measured at 25 C. Voltage shall be applied to 
the capacitor through a current-limiting resistor, 
and the measurement shall be made five minutes 
after the capacitor reaches rated voltage. Leakage 
current (I) shall not exceed the value calculated 
from the equation shown in TABLE 4. In no case, 
however, shall |, exceed the maximum value 
shown. 


TIME 
SERIES 


3487 
3489 


3488 
(CV — 250,000) 
(CV ~ 250,000) 


3120 


(6—100V) 
(101—300V) 


3186 


3188 
(CV — 250,000) 
(CV ~ 250,000) 


3191 


TABLE 4 


Leakage Current Formulas 


PRE- 
CONDI- 
TIONING 
EQUATION 
(MINUTES) 


30 


30 
30 
TS 


EQUATION 
I-MA 


006 vv CV 


6 x 10° CV 


0031 CV 
001 v CV 


.003 vv CV 


.006 v CV 


6 x 10° CV 
003 1 CV 
00151 CV 


MAX. 
VALUE 
(MA) 
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7. LIFE TEST 

Capacitors to be tested will first be measured 
for DC leakage current, capacitance & ESR at 
29°C. The capacitors shall then be placed in a 
circulating-air oven and kept at the ambient 
temperature indicated in TABLE 5, Column A. 
Spacing between capacitors shall be at least 1”, 
and capacitors must not be subjected to direct 
radiation from heating elements. Circulation of 
air shall be sufficient to keep the temperature 
within the limits shown when measured within six 
inches of the capacitors. 

Rated DC voltage or rated DC voltage with ripple 
Current shall be applied to the capacitors as 
indicated in Table 5, Column C, for the period of 
time shown in Column B. The capacitors shall 
then be returned to a temperature of 25°C for 
at least 24 hours. 

Upon completion of the test, the capacitors shall 
meet the following requirements: 

Capacitance, when measured per paragraph 4, 
shall not be less than the value indicated in TABLE 
5, Column D. 

Equivalent Series Resistance (ESR) when mea- 
sured per paragraph 5, shall not be greater than 
the value indicated in TABLE 5, Column E. 
Leakage Current, when measured and deter- 
mined per paragraph 6, shall not exceed the 
value indicated in TABLE 5, Column F. 

There shall be no evidence of mechanical dam- 
age or excessive electrolyte leakage. 


8. SHELF TEST 

Capacitors to be tested shall first be measured 
for DC leakage current, capacitance and ESR 
at 25°C. The capacitors shall then be placed in 
a circulating-air oven and kept at the ambient 
temperature indicated in TABLE 6, Column A. 
Spacing between capacitors shall be at least 1", 
and capacitors must not be subjected to direct 
radiation from heating elements. Circulation of 
air shall be sufficient to keep the temperature 
within the limits shown, when measured within 
six inches of the capacitor. 

The capacitors shall be kept in this environment 
for the period shown in TABLE 6, Column B, 
with no voltage applied. They shall then be 
allowed to cool in an ambient temperature of 
25°C for at least the period time indicated in 
Column C. 


Upon completion of the test, the capacitors shall 
meet the following requirements: 

Leakage Current, when measured without pre- 
conditioning per paragraph 6, shall not exceed 
the value shown in TABLE 6, Column F. 
Capacitance and ESR as indicated in TABLE 6, 
Columns D & E respectively. 

There shall be no evidence of mechanical damage 
or excessive electrolyte leakage. 


Shelf Life. The normal shelf life expectancy for 
these capacitors when stored at ambient temp- 
eratures of 40°C or below is indicated in TABLE 
6, Column G. When stored for longer periods, 
and/or at higher temperatures, their leakage 
current should be checked at room temperature 
in accordance with the original requirement, 
before placing the capacitors in service. If the 
leakage current exceeds the value calculated 
from the formulas in TABLE 4, refer to Technical 
Note on Reform Procedures. 


9. VIBRATION 

Series 3186, 3188, 3191, 3487, 3488, 3489 
Capacitors shall be clamped rigidly to a vibration 
platform and subjected to a simple harmonic 
motion having a maximum peak-to-peak ampli- 
tude of .06 inches and a maximum acceleration 
of 10g. The entire frequency of vibration shall 
be varied linearly between 10 and 55 cycles per 
second. The frequency range, 10 to 55 to 10 cps, 
shall be traversed in one minute. 

Capacitors shall be vibrated for 1% hours with 
the direction of motion being parallel to the axis 
of the capacitor. The capacitor shall then be 
placed so that the direction of motion is per- 
pendicular to the axis and the vibration continued 
for an additional 1% hours. 

During the last ’2 hour of the test, the capacitor 
shall be connected to a bridge and observed for 
a 3-minute period. 


There shall be no evidence of loosening of the 
capacitor element within the container, when 
shaken by hand, following the test. There shall 
be no indication of intermittent electrical contact 
during the 3-minute observation period. Capaci- 
itors shall not be open or shorted. 
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HIGH VIBRATION 

UPON SPECIAL REQUEST a 3120 type capacitor 
is available to meet the following test. Capacitors 
shall be clamped rigidly to a vibration platform 
and subjected to a simple harmonic motion having 
amaximum peak-to-peak amplitude of .O6inches 
and a maximum acceleration of 20g. The fre- 
quency of vibration shall be varied logarithmically 
between 10 and 2000 cycles per second. The 
entire frequency range, 10 to 2000 to 10 cps, 
shall be traversed in 20 minutes. This cycle may 
be repeated two times in each of three mutually 
perpendicular directions, the first being such that 
the direction of motion is parallel to the axis of 
their containers. 

At some time during the last half hour of the test 
each component on test shall be connected for 
Capacitance measurement and its capacitance 
shall be observed for a period of approximately 
three (3) minutes. 

There shall be no evidence of loosening of the 
capacitor element within the container as evi- 
denced by shaking. There shall be no indication 
of intermittent connection during the three (3) 
minute observation period. Capacitors shall not 
be open or shorted. 


10. CONTAINER SEAL TEST 


SERIES 3186, 3188, 3120, 3191, 3487, 3488, 
3489: Following the Vibration Test of paragraph 
9, capacitors shail be subjected to two successive 
temperature cycles in circulating air. Each cycle 
will be as follows: 


A 85°C—30 minutes 
B 25°C—30 minutes 
C  -—40°C—30 minutes 
D 25°C—30 minutes 


Following the second cycle, the capacitors 
shall be placed in 90—95°C water for 5 minutes. 
A failure is defined as a unit exhibiting a con- 
tinuous chain of bubbles when immersed. 
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TABLE 5 
LIFE TEST 


A F 


Ambient : Leakage 
Temp. Test f : Current 
Series (CG=-3°GC)} Conditions Max. (%)** 


3186, 3487, DC Voltage 

3489 DC Voltage 
& Ripple 

DC Voltage 


3188, 3488 DC Voltage 
DC Voltage 

& Ripple 
DC Voltage 


DC Voltage 
DC Voltage 
& Ripple 
DC Voltage 
DC Voltage 
With 25% of 
85°C Ripple 


DC Voltage 
DC Voltage 
& Ripple 
DC Voltage 


*Referred to initial measured value 
**Referred to initial specification limit 


TABLE 6 
SHELF TEST 


A F G 
Test 
Ambient Period : Leakage Shelf Life 
Capacitor Temp. @ 25°C : i Current Expectancy 
Series (°C =3°C) (hrs.) (%)* (years) 


3120 500 +8 

3186, 3487, 3489 100 +4 
3188, 3488 250 +4 
3191 100 +4 


*Referred to original specification 
“*Referred to initial specification 
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b 1. TYPICAL ESR AS A FUNCTION OF 

> FREQUENCY. 

3 The three curves listed represent the ratio of 

=, ESR change from 120 Hz to 100 KHz. They are 

= categorized into three voltage ranges and are 

5 valid for all the computer grade and snap-in type 
units. To obtain the ESR of a unit at a frequency 

M = above 120Hz, find the ratio of change from the 

© appropriate curve. Multiply the listed 120 Hz 

zy ESR of the subject unit by the ratio, the result 

PY is the ESR at the desired frequency. 

< 

=. HI FREQ. RIPPLE MULTIPLIER 

5 0-75 VOLT 

MULTIPLIER 

3 

ot) 

&. 

S 

“a 


FREQ IN HZ 
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HI FREQ. RIPPLE MULTIPLIER 
120 Hy 76-250 VOLT 
MULTIPLIER 
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2.0 RIPPLE CURRENT. 

All capacitors will withstand the RMS ripple 
current stated in the standard rating tables, 
specified at an ambient temperature of 85°C 
and a frequency of 120 Hz. Permissible ripple 
current at other temperatures, frequencies and 
with forced air can be calculated as indicated 
below. Where capacitors are operated at a temp- 
erature frequency and in forced air, all appli- 
cable multiplying factors should be used. 


2.1 TYPICAL RIPPLE CURRENT AS A FUNCTION 
OF AMBIENT TEMPERATURE. 

To determine the maximum allowable ripple cur- 
rent at ambient temperatures less than 85°C, find 
the ripple current multiplier from the appropriate 
curve (fig. 1,2 or 3). The multiplier times the 85°C 
ripple current rating yields the maximum allow- 
able ripple current at the subject temperature. 
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RIPPLE MULTIPLIER 
95 DEGREE CORE 
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AMB. TEMP. (DEGREES C) 
3186 SERIES 
3487-3489 
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IV 


RIPPLE MULTIPLIER 
100 DEGREE CORE 
MULTIPLIER 
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AMB. TEMP (DEGREES C) eas 
3191 SERIES 2 


RIPPLE MULTIPLIER 
MULT. 105 DEGREE CORE 


AMB. TEMP. (DEGREES C) 
3120 & 3188 & 3488 SERIES 
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2.2 TYPICAL RIPPLE CURRENT AS A FUNCTION 
OF FREQUENCY. 

To determine the maximum allowable ripple cur- 
rent at frequencies above 120 Hz to 100 KHz, find 
the ripple current multiplier from the appropriate 
curve (fig. 4, 5 or 6). The multiplier times the 120 
Hz ripple current rating yields the maximum 
allowable ripple current at the subject frequency. 


HI FREQ. ESR MULTIPLIER 
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Hi FREQ. ESR MULTIPLIER 
76-250 VOLT 
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2.3 TYPICAL RIPPLE CURRENT AS A FUNCTION 
OF FORCED AIR FLOW. 

Thermal efficiency can be boosted by judicious 
use of forced air cooling in some applications. 
Occasionally a power-supply designer will cal- 
culate the proper capacitance value for the filter, 
then find that the ripple current requirements 
exceed the capability of the selected capacitor. 
The need for adding more capacitance in this 
situation can often be avoided if forced air is 


IR MULTIPUIER 


used to increase the ripple current capability 
of the capacitor. To determine the maximum allow- 
able ripple current under a forced air application, 
find the ripple current multiplier from the appro- 
priate curve (fig. 7). The multiplier times the still 
air ripple current rating yields the maximum 
allowable ripple current at the subject air flow. 
The thermal conductivity with respect to the air 
velocity is illustrated in figure 8. 


RIPPLE CURRENT 
MULTIPLIER 


200 300 400 500 600 700 &g 
AIR VELOCITY (FT/MIN) 
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3. TERMINAL HEAT RISE. To limit terminal heat 


rise, the 85°C ripple current should not exceed 


the following RMS values: 

Standard Terminal: 30 amps 

High-Current Terminal: 45 amps 

When ripple currents greater than 10 amperes 
RMS are applied to these capacitors, the terminal 
screws should be torqued to a minimum of 20- 
inch-pounds (maximum, 25-inch-pounds) for 
standard terminals and 50-inch pounds (maxi- 
mum, 60-inch-pounds) for high-current terminals 
to minimize |?R losses at the terminals. 

4. RIPPLE VOLTAGE AND VOLTAGE REVERSAL. 
The sum of the DC voltage and peak ripple voltage 
must not exceed the rated voltage of the capacitor. 
To avoid polarity reversal on the capacitor, the 
peak AC voltage applied must not exceed the 
applied DC voltage. All Series can withstand a 
maximum voltage reversal of 1.5 volts for short 
periods of time as indicated, without any signifi- 
cant change in electrical characteristics. 

5. INSULATION AND GROUNDING. These capac- 
itors have an indeterminated resistance between 
the cathode terminal and the container. The con- 
tainer should be considered to be at the same 
potential as the cathode terminal with respect 
to ground. When a potential other than that of 
chassis ground is present on the cathode terminal, 
the container should be properly insulated. 

5.1 INSULATING SLEEVE. These capacitors may 
be supplied with PVC insulation for 85°C ambient 
operation. 

The insulation shall be tested in accordance with 
EIA specification RS-395 paragraph 2.19. 

The typical insulation breakdown voltages mea- 
sured between the cathode terminal or case and 
a 1" metallic band wrapped around the insulated 
container are as follows, at a relative humidity of 
45%, ambient temperature of 25°C, and break- 
down current of 1000uA: 

PVC Insulation Thickness .004” .006" .008" .012" 


6. SAFETY VENT. 

SERIES 3487, 3488, 3489 

A unique vent is designed into the top of the 
aluminum can, so constructed that the end ofthe 
can will rupture and release dangerous internal 
pressure which could occur in the event of a 
circuit malfunction or polarity reversal. 

SERIES :3$20,.3).66 43, LG0m0 |Oie 

These capacitors are designed with a safety device 
incorporated in the header. This device prevents 
case rupture or cover damage in event of excess 
pressure build-up due to improper operation. 


Vent Test: A reverse DC voltage shall be applied 
to the capacitor to cause a reverse 
current flow of 10 amperes. The capaci- 
tor should be securely mounted to a 
surface by wrap-around clamp during 
this test. The vent should operate 
before an explosion or the expulsion 
of any capacitor material occurs. A 
capacitor which does not vent within 
20 minutes is considered to have 
passed the vent test. 


7. MOUNTING 
SERIES 3186, 3188, 3191: Vertical mounting of 
the capacitor with the terminals up is recom- 
mended: however, horizontal mounting with the 
pressure relief vent up is acceptable. Vertical 
mounting with the terminals down and horizontal 
mounting with the pressure relief vent down are 
not recommended, since this could impair the 
operation of the safety vent. 
, SERIES 3487, 3488, 3489, 3120. These capaci- 
tors may be mounted in any plane. 


Breakdown Voltage (VAC) 1600 2000 2400 3200 


MYLAR Insulation Thickness .0023" 
Breakdown Voltage 17250 
LEXAN Insulation Thickness .020" 
Breakdown Voltage 2100 
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8. CLEANING SOLVENT WARNING AND DIS- OPERATION OF THE VENT STRUCTURE INVOLVES 


CLAIMER. Industry standards such as EIA RS-395 
and Military Specification MIL-C-39018 caution 
against the use of halogenated hydrocarbon sol- 
vents in cleaning boards containing aluminum 
electrolytic capacitors. The probability of failures 
in capacitors cleaned by halogenated hydrocar- 
bon solvents is sufficient for Philips Components 
to disclaim any warranties, specific or implied, 
to our product if our capacitors are subjected 
in any manner or extent to these solvents. 
Examples of these solvents are Freon TF® Freon 
TMC® carbon tetrachloride, chloroform, trichloro- 
ethylene, trichloroethane, methylene chloride 
and MEK. Recommended solvents are those free 
of halogens or halogen groups, such as ethyl 
alcohol, butyl alcohol, methyl alcohol, propyl 
alcohol, and water. 

lf halogenated hydrocarbon solvents must be 

used, the following alternatives exist: 

a. The electrolytic capacitors should be inserted 
into the boards after the cleaning process has 
been completed. 

b. On special order, Philips Components can 
supply snap-in designs to meet solvents 
requirements. 


SAFETY 

WITH CAPACITORS HAVING A HIGH WATT-SEC- 
OND CAPABILITY IT IS IMPORTANT THAT SUIT- 
ABLE PRECAUTIONS BE OBSERVED IN THE 
TESTING AND APPLICATION OF THESE DEVICES. 
BLEEDER RESISTORS AND OTHER DISCHARGE 
CIRCUITRY SHOULD BE USED TO PROTECT 
SERVICEMEN AND USERS. WHEN USED IN 
LARGE BANKS, THE MECHANICAL STRUCTURE 
MUST BE DESIGNED SO AS TO WITHSTAND 
THE LARGE CURRENTS THAT MAY OCCUR IN 
THE EVENT OF A CAPACITOR SHORT CIRCUIT. 
THE MECHANICAL STRUCTURE SHOULD ALSO 
BE CONSTRUCTED SO THAT IT WILL CONTAIN 
THE CAPACITORS IF A CAPACITOR EXPLOSION 
SHOULD OCCUR. 

MISAPPLICATIONS, SUCH AS EXCEEDING 
DESIGN LIMITS OR APPLYING REVERSE VOLT- 
AGE TO POLAR UNITS, MAY RESULT IN DESTRUC- 
TION OR EXPLOSION OF CAPACITORS. 


PRECAUTIONS IN CASE OF VENT OPERATION. 


EXPULSION OF HOT GASES AND/OR LIQUIDS 
UNDER HIGH PRESSURE. CONTACT WITH THIS 
MATERIAL COULD CAUSE PERSONAL INJURY 
OR PROPERTY DAMAGE AND THEREFORE 
SHOULD BE AVOIDED. 


GENERAL 


In the event that application requirements exceed 

the parameters of a particular Series, it is often 

possible to use a standard capacitor, providing 

certain “trade-offs” are acceptable. It is also 

possible that special designs and manufacturing 

techniques not normally included can be applied 

to meet a special situation. These include the 

following: 

* Higher Vibration Limits 

- Higher Ripple Current 

- Lower ESR 

* Non-Polar Construction 

* Solder-Lug Terminals 

- Metric Threaded Terminals 

* Special Capacitance Tolerance 

- Special Marking and Labeling 

- Additional Case Sizes 

More specific device parameters can be obtained 

on request, these include: 

* ESR at any Frequency (to 100kHz) 

- Ripple Current Rating at any Frequency (to 
100kHz) 

- Impedance and ESR vs. Frequency Plots 

- Inductance 
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TECHNICAL NOTES 


as Sa 


1. CAPACITOR LIFE PREDICTION GUIDELINES 
The following equations and tables can be used 
to predict the life of aluminum electrolytic capaci- 
tors at derated voltages and temperatures. Fail- 
ures are defined as parameter drift beyond the 
limits outlined in the life test section of the Per- 
formance Specifications. 


Based on DC aluminum electrolytic capacitor 
tests, the inherent relationships between tem- 
perature, voltage and life were established. A 
failure rate for each product was established from 
testing at maximum rated conditions. From this 
failure rate a base lifetime was established. 


The expected life for each product type is deter- 
minted by computing the capacitor hot-spot 
temperature [equation (1) and the ratio of use 
voltage to rated voltage. From this, the base life 
multiplier can be found in the appropriate table. 
The multiplier times the base life (found in 
Table 1) yields the expected life. 

The computation of expected life assumes a 
constant or decreasing failure rate and that the 
wearout portion of the product life has not been 
reached. The expected life is the statistical time 
required to generate one failure in 25 units based 
on a 60% confidence level. 

Multipliers resulting in expected lifetimes in excess 
of 10 years may not be valid due to secondary 


failure modes not considered in the construction 
of these tables. 
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CALCULATION OF CORE TEMPERATURE 


1) Core Temp = Ambient Temp , 2 * E-S.R. 
We! z a Kx Area 


WATTS 
K = .006 Area/sa. inch 
°C Temp Rise 


AREA = Surface Area of Can = x 
7X Dia X (Le ae Cal 


| = Ripple Current (Amps) 
AMB = Ambient Temperature (°C) 
ESR = Equivalent Series Resistance 
(ohms) 


“Based on free convection in still air. For values of K in forced air 
see Application guidelines sec 2.3. 


TABLE 1 
TABLE BASE LIFE 


DESIGN 
CORE 
TEMP 


AMBIENT 
TEMP 


LIFE 
MULTIPLIER 
TABLE 


*Load Life=Max. rated amb. temp., voltage and ripple current. 
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% RATED VOLTAGE 
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2. FIELD RE-FORM PROCEDURE 

DC aluminum electrolytic capacitors require re- 

forming when the leakage current exceeds the 

value caiculated from the leakage current formu- 
las in paragraph 3 below. The procedure for re- 
forming in the field is as follows: 

1. Preheat capacitors to 85°C +£5°C for 4 hours 
+.5 hour. 

2. Remove capacitors from oven and apply 110% 
rated voltage in a room temperature ambient 
(25°C +3°C) as per the diagram below. Remove 
and discard any units that are shorted or appear 
to draw a constant or increasing amount of 
current. 

3. Remove units from the re-form set-up after the 
average unit current drawn from the power 
supply is %4 of the leakage requirement for the 
unit type involved. 

4. Condition units for 24 hours £5 hours in a 

room-temperature ambient with no voltage 
applied. Then measure leakage Current as out- 
lined in Performance Specifications paragraph 
6. Repeat steps 1 through 4 for units that do 
not meet this limit. Discard any units that have 
ruptured vent plugs or have evidence of leak- 
ing electrolyte. 
When units are re-formed by this procedure, 
they will have a shelf life of approximately one 
year, provided the storage ambient does not 
exceed 40°C. 


0—500 VOLT 
1 AMP POWER SUPPLY 


SERIES 10W 
250 VOLT 
LIGHT BULBS,> 


CAPACITOR 
TO BE 


RE-FORMED — =e 
TO BE SA os E> itis > a lena 


CAPACITOR 
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3. CAPACITOR SHELF-CHARACTERISTICS 
The graphs on the next page can be used to pre- 
dict the shelf life of aluminum electrolytic capaci- 
tors stored in various ambient temperatures. The 
Specification Limit Line on the left of the graph 
indicates the length of time, at various tempera- 
tures for which the capacitors are expected to 
meet the leakage current limits calculated from 
the formulas shown below. The Practical Limit 
Line on the right of the graph defines the length 
of storage for which a user should expect accept- 
able performance from the capacitor in normal 
applications. 

Capacitors that are to be used at operating tem- 
peratures which are at least 25°C less than the 
maximum operating temperature and have been 
in storage for a period longer than the Practical 
Limit should have their leakage current checked. 
Any unit whose leakage current exceeds the 
value calculated from the formulas shown below 
should be re-formed. 

Capacitors that draw a constant or increasing 
amount of leakage should also be re-formed. 
Leakage current after pre-conditioning or re-form 
is measured after five minutes of voltage appli- 
cation. The voltage is applied to the capacitor 
through a series resistor with a value such that 
the rated voltage will appear on the capacitor 
terminals within one minute. 


TABLE 4 
Leakage Current Formulas 


PRE- 
CONDI- 
TIONING 
EQUATION 
(MINUTES) 


MAX. 
VALUE 
(MA) 


EQUATION 
I-MA 


TIME 
SERIES 


006 v CV 


3488 6x10" CV 
(CV < 250,000) 


(CV > 250,000) 
3120 


0031CV 


OO ON 


(6—100V) 
(101—300V) 


3186 


3188 
(CV < 250,000) 
(CV ~ 250,000) 


3191 


003 v CV 
006 v CV 


6x 10°CV 
003 v CV 
00151 CV 


O72 
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Physical Specifications—Can-Style 


DIMENSIONS CASE OUTLINE DRAWING 


THREAD TYPE 
Tt .031 


UNINSULATED CASE DIMENSIONS 


L + .062 
The capacitors are marked with: 

* nominal capacitance 

- rated voltage 

- EIA source and date code LL | 

* maximum ambient temperature 

- polarity D*.031 

* name of manufacturer 


* part number 
* capacitance tolerance 


CASE OUTLINE DRAWING 
PRINTED CIRCUIT BOARD MOUNT 
WIRE DIAM. = .064 T + .010 
PLASTIC 
STANDOFF 


(3 places) 


L + 062 


*Series 3191 available in 138", 134", 2" diameters only (case codes 
through EH). 


PC MOUNT OVERALL HEIGHT (INCHES) PLASTIC 
STANDOFF 
(3 places) 


TOP VIEW OF CAPACITOR L D+ 031 = 
(CIRCUIT SIDE OF PC BOARD) : 


TERMINAL STYLES, DIMENSIONS, AND CODE 


High Post ; 
Low Post 


a 
PC MOUNT TERMINAL SPACING (INCHES) Ga Nea be 


cae Diemerrmyenl ox mul oan a[eueiee |. |e Mout 


s40pIede) 213Ajo439a/7 winuiwnyy Ey 


NRCY Ac) .550 .500 5S *Available in 22" and 3" diameter cans only. Recommended for applications 


Ow .900 ./00 PAS) where ripple current exceeds 25 Amperes. 


2.000 1.000 .800 eye) **T Dimension .250 inches & 6.4mm for 138 and 2" dia for PC Mount. 


EA can only multiply .8 times capacitance table. 
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Physical Specifications Snap-in Style 


INSULATED CASE DIMENSION ADDER 
AND BRACKET CODES 
INCHES MM oo BRACKET CODE 
wsuusrontvec [> [ue] w[> [Le] A 


LEXAN 062 | 375 | -_ | 1.57 | 9.52 


BRACKET DIMENSIONS 


Dimensions in Inches 


Case A B Cc D E 
Diameters| =+0.005 +0.031 +0.016 +0.031 +0.031 


suopoede) 213AjO439a/7 Wunuiwnyy = 


Dimensions in Millimeters 
Case A B Cc D E 
Diameters} +0.13 +0.79 £0.40 +0.79 +0.79 


For Ly oe AE), 2-1/2(F), 
and AG) inch diameter 
can 


BRACKET OUTLINE DRAWING 


For 1-3/8(B) inch 
diameter can 


Philips Components Series Capacitors can be completely specified using the following designation: 


XXXX BA 942 U 005 
Case Size Tolerance 
Code U = —10%+75% 
T = -—10%+50% 
op Capacitance Voltage 
EPS ay teas XX = Significant Digits 005= 5VDC 
Séries X = Multiplier 050 = 50VDC 
i.e. 942 = 9400,F 
100 


A 


+ 


Terminal Style 
A=High Post 
B=Low Post 
C=Solder Lug 
D=High Current 
H=PC Mount 


M A-1 


a 


Factory 
Assigned 
Number 


Insulation & 
Bracket Code 
(see physical 

spec) 


Philips Components * 6071 St. Andrews Road ¢ Columbia, SC 29212-3198 »* (803) 772-2500 ° FAX: (803) 772-2445 


Aluminum Electrolytic Capacitors 
Physical Specifications—Can-Style 


HOW TO SPECIFY 


Philips Components Series Capacitors can be completely specified using the following designation: 


DE 102 M 200 


Philips us 
Philips Standard Insulation 
Components F = .006" PVC 
Product ’ 
Series Case Size Tolerance Moueingiotage 
Code M = +20% 
(See physical spec.) 
Capacitance Cover Construction 
XX = Significant Digits D = Two leads 10.0mm spacing. 
x = Multiplier F = Three leads 12.7mm spacing. 
i.e. 102 = 1,000 uf (See physical spec.) 


INSULATED CASE DIMENSIONS 


SEE LEAD 
CONFIGURATION 


PC, BOARD LAYOUT a 
(AS SEEN FROM MOUNTING SIDE) 16 


LEAD CONFIGURATIONS K AND J 


10 13.97 \ \ 
ue 


5 
mii 


Safer wits termite 2 PCZBOARD LAYOUT 
= FUG) (AS SEEN FROM MOUNTING SIDE) 


LEAD CONFIGURATIONS R AND C 
1252, 


ALL DIMENSIONS ARE MM 
ALL HOLE DIAMETERS ARE 2MM 
LEADS ARE 16 GAUGE TINNED COPPER WIRE 
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GENERAL 
The ability of a capacitor to store electrical energy 
is a direct function of its mechanical geometry 
and its chemical composition. The amount of 
energy that it can store is given by the equation: 
Q=CV 
where Q = the magnitude of the stored charge 
C =the capacitance in farads 
V =the applied voltage 
But the capacitance is determined by: 


a 
CaaK 5 

where a is the directly opposing area of the 

plates, dis the distance between them (assumed 

to be uniform across the area), and K is the 

“dielectric constant’ of the material separating 

them. 
Engineers and scientists have been wrestling with 
these factors for generations, in the perennial 
effort to cram more and more capacitance into 
less and less space, in conformance with the 
unending trend of equipment miniaturization. 
Obviously, increasing the area (a) of the capacitor 
plates will increase the capacitance of the device. 
This would tend to increase the size, but since 
only the area, not the thickness, of the plates is 
significant (in most applications) the plates could 
be made thinner to counteract the increase. Ways 
were developed to produce ever thinner metal 
foils, and eventually to deposit thin metallic films 
directly on both sides of a paper or plastic ribbon 
which can then be rolled up. 
Reducing the thickness of the dielectric separator 
will also increase the capacitance of the device 
by reducing the distance (d) between the plates; 
this also reduces the size for a given capacitance, 
or allows more capacitance to be installed in a 
given space. Advancements in the production of 
high-quality, homogeneous plastic films of very 
thin gauges have enabled substantial reduction 
in capacitor size, combined with worthwhile 
increase in capacitance per unit volume. 
Use of dielectric materials having higher dielectric 
constants will also increase the capacitance of 
the device, hopefully with a decrease (or at least 
no increase) in unit size. The search for better 
materials will continue. 


102 


One of the major breakthroughs in this field 
occurred about 85 years ago: the development 
of the electrolytic capacitor, a brilliantly ingenious 
expedient for obtaining high capacitance in a 
small space. Essentially, it consisted of an alu- 
minum-foil ribbon, on the surface of which a thin 
film of aluminum oxide has been formed electro- 
chemically, and a water-based electrolyte fluid 
which acts as the opposing plate. The oxide- 
coated foil, a second strip of aluminum foil, and 
a porous strip of paper interposed between them 
were rolled up together, and suspended in the 
liquid electrolyte, which penetrated the porous 
spacer. The physical relationship is diagrammed 
in Figure 1. 


POROUS SPACER AND 
ELECTROLYTE (CATHODE) 


WT ; 
Miia 


FOIL CONNECTION 
TO CATHODE 


OXIDE FILM 
DIELECTRIC 


Figure 1. Polarized Electrolytic Capacitor. 


The oxide-coated foil is the positive plate (anode), 
the aluminum oxide film is the dielectric, and the 
fluid electrolyte is the negative plate (cathode). 
The second strip of aluminum foil serves only 
as a connection in broad and intimate contact 
with the negative-plate electrolyte, and is usually 
bonded to the aluminum can that houses the 
capacitor. The porous strip prevents direct short- 
circuits between the two foil strips. 

The oxide dielectric has a thickness on the order 
of 0.01 micron; thus the distance (d) between the 
“plates” has been reduced almost to the vanish- 
ing point. Furthermore, the dielectric constant (K) 
of this oxide is approximately 11. compared to 5 
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for paper, or 3 for polycarbonate or Mylar® plastic 
film. As a result, the capacitance per cubic inch 
in an electrolytic capacitor is increased tremen- 
dously, compared to conventional capacitor 
designs, even in the original electrolytic versions. 
Over the years since their inception, there have 
been continuous improvements in electrolytic 
capacitor designs, and advancements in their 
technology. One of the most significant was that 
of etching the anode plate. The etching action 
exposes the grain structure, enormously increas- 
ing the area of the surface for a given area of foil. 
Etching ofa given area of aluminum foil results in 
a many fold increase in the actual surface area 
facing the electrolyte plate, in the finished capaci- 
tor. Two other notable advancements were the 
development of non-aqueous and solid electro- 
lytes, and of practical manufacturing techniques 
for the production of high-purity aluminum foil. 
Both of these factors will be examined in detail 
later, in conjunction with capacitor fabrication. 

While the energy storage capabilities of aluminum 
electrolytic capacitors are impressive, electrolytic 
construction has certain inherent limitations that 
affect the use and performance of these capaci- 
tors. Safe operating voltages are limited to about 
450 volts. The oxide dielectric has rectifier prop- 
erties, blocking current flow in one direction but 
offering low resistance in the opposite direction; 
it is therefore limited to DC applications, and a 
voltage reversal of more than a volt or two will 
cause breakdown of the film and destruction of 
the capacitor. (Non-polarized types for AC appli- 
cations are available. Their construction is essen- 
tially the same as shown in Figure 1, but both 
foils are coated with oxide dielectric, constituting 
two capacitors connected back to back). The 
power factor of electrolytics is considerably higher 
than those of other capacitor types, and the 
broad plate area makes for appreciable leakage. 


PRODUCTION TECHNOLOGY 

The design and fabrication of an electrolytic 
capacitor is an extremely complex science. The 
physical principles involved, and their interlock- 
ing—and occasionally mutually exclusive—rela- 
tionships have been the subject of continuous, 
heavy research for more than 80 years. Some of 
the developments that have evolved are discussed 
below. 
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The Anode (Positive Plate). Capacitance is directly 
proportional to the surface area of the capacitor 
plates. This factor has been uniquely exploited 
in electrolytic design by etching the surface of 
the anode foil, either chemically, by immersion in 
an acid bath such as hydrochloric acid, or e/ectro- 
chemically by immersion in a conductive, corro- 
sive bath such as a solution of sodium chloride, 
and applying an electric current to the foil and 
solution. In both cases, the etching action exposes 
the grain structure of the metal, enormously 
increasing the area of the surface for a given 
area of foil. The degree of etch is controlled by 
immersion time in chemical etching, and by the 
regulation of current flow in electrochemical 
etching. 

The presence of impurities (principally copper, 
silicon, magnesium, iron, and zinc), in the anode 
foil, can result in early failure of an electrolytic 
capacitor. Particles of other metals do not form 
an oxide barrier layer as aluminum does, hence 
constitute leakage paths. They also form galvanic 
couples with aluminum and will produce hydro- 
gen gas in the presence of an electrolyte, besides 
reducing the efficiency of the oxide-layer barrier 
and causing generation of excessive heat. For 
these reasons, high-purity aluminum is used for 
foils, and the electrochemical etching process is 
the most suitable for use on this material. Lower- 
purity aluminum is used for the cathode foil. 

In the electrochemical etching process, high etch- 
ing-current density produces a fine etch pattern, 
with very high surface gain. However, when this 
surface is anodized (as discussed later) to volt- 
ages above 100 volts, the thickness of the oxide 
layer formed will bridge over some of the fine 
depressions of the etch pattern, reducing the sur- 
face gain, and the forming reaction will cause 
mechanical erosion of the peaks of the etch, 
further reducing the effective area. 

Using the lower etching-current density produces 
a coarser surface, but the higher resistance to 
erosion and over-bridging results in a higher final 
Capacity, when anodized at higher voltages. Thus, 
there is a trade-off relationship between etch 
coarseness and forming voltage in achieving 
maximum capacity at a selected working voltage, 
in a capacitor of given size. It is possible to 
custom-tailor the etch for optimum capacity at 
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a given voltage. 


The foil is run as a continuous ribbon through 
the precleaning bath, then over a roller which 
supplies the current for etching, then down into 
the etching tank, then through a series of baths 
that remove the etch solution, neutralize residual 
salt, remove loose metal particles, and wash away 
any remaining materials carried over from the 
processing tanks. The foil is then dried and imme- 
diately rolled, and protected from the atmosphere 
to prevent formation of ‘“‘non-barrier” oxide prior 
to its entry into the anodizing, or forming, process. 


Two types of “anodized” films can be formed on 
aluminum. In contact with moist air, the surface 
layer of aluminum forms a porous oxide of regular 
structure and low resistance, known as non-bar- 
rier oxide. When immersed in certain electrolyte 
solutions and connected to a DC power source 
as an anode with the solution as a cathode, the 
surface layer of aluminum forms an impervious, 
amorphous film of aluminum oxide having the 
property of restricting the flow of current in one 
direction and permitting it to flowin the opposite 
direction. This barrier oxide layer has a thickness 
which is a function of the applied voltage—approxi- 
mately 14 angstroms per volt, at room tempera- 
ture. The forming voltage must be considerably 
higher than the proposed operating voltage, to 
provide adequate dielectric strength over a long 
operating life despite aging effects. Leakage cur- 
rent increases rapidly as the operating voltage 
approaches the forming voltage value, particularly 
in “wet” electrolytics. 

Needless to say, the foil, the electrolyte, and the 
tanks and apparatus must all be of the highest 
purity, and cleanliness. The presence of impuri- 
ties can result in porosity in the oxide film, and 
can cause some dissolving of the film in the 
electrolyte—an effect that can double for every 
10°C rise in the temperature of the solution. 
Impurities remaining in the elements of a finished 
capacitor will cause reactions that will result in 
high leakage, early deterioration, and outright 
failure after a short operating life. 

The Electrolyte. In an electrolytic capacitor the 
electrolyte constitutes the second electrode, or 
plate, separated from the anode, or positive plate 
by the barrier layer of oxide formed on the anode 
surface. Ideally, it must be chemically inert, and 
have good temperature stability, and the proper 
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conductivity. If the conductivity is too low, a high 
ESR (equivalent series resistance) results, with 
consequent high loss factor. If the conductivity 
is too high for the rated operating voltage, elec- 
trolytic breakdown in the form of sparking occurs 
(known as “scintillation’”), resulting in failure of 
the capacitor. 

“Wet” electrolytic capacitors use a liquid elec- 
trolyte; the solvent (usually from the glycol family), 
some form of conductive salts, and a controlled 
amount of water. A porous ribbon of a noncon- 
ductive material such as a highly absorbent paper 
is wound as a separator between the two foils, 
and this ribbon is saturated with the electrolyte. 
The construction of such a capacitor is shown 
on Figure 2. The rolled element is installed in a 
cylindrical metal container which may be con- 
nected to the cathode foil. A plastic sleeve is 
provided on some types, to facilitate the use of 
off ground applications. 

Limiting the amount of water in the electrolyte 
limits gassing and chemical activity, thereby 
increasing life expectancy. Low water levels in 
electrolytes also increase the shelf life. Using 
solvents less viscous than glycols, as an example 
amides, and more soluble salts, enables the elec- 
trolyte to penetrate into the fine etch structure of 
the foil more readily, thus contacting a greater sur- 
face area. This increases the ratio of unit capaci- 
tance to contact area and further reduces E.S.R. 
Low viscosity electrolytes have additional desir- 
able characteristics, they maintain more uniform 
conductivity at higher frequencies as shown in 
Figure 3, enhancing their utility as components 
in switching regulated power supplies. The lower 
E.S.R. also enables these units to handle higher 
ripple currents than previously permitted. _ 
The resistivity of electrolytes particularly with 
high water content, varies with temperature 
especially below 25°C. This results in high loss 
of capacitance and increase in E.S.R. at temper- 
atures below —10°C. The high water content in 
electrolytes also limits their use to a maximum 
temperature of +85°C. At these high temperatures 
they have limited life expectancy and shelf life. 
Local sites in the aluminum foil are activated by 
water, allowing exposure of bare metal. This results 
in high leakage current when a stored capacitor 
is subjected to applied voltage. If this leakage 
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current can reach a sufficient magnitude from an 
unregulated source, the unit may go into thermal 
runaway, with subsequent failure. 
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Figure 2. Basic construction of a concentrically wound computer 
grade electrolytic capacitor. 


At extremely low temperatures, conventional gly- 
col family electrolytics lose in excess of 35% of 
their capacitance, and increase their E.S.R. many- 
fold, in relation to their room temperature values. 
These effects are caused by the increase in 
resistivity of the electrolyte, due to increased 
viscosity or sometimes by crystalization, as well 
as its shrinkage from the etch pattern of the foil. 
This results in poor contact between the electro- 
lyte and the foils. This type of capacitor becomes 
a practically pure resistive device at —60°C due 
to these effects. 

While it is a fact that amide based electrolytes 
produce capacitors with superior low temperature 
characteristics, such as an 80% capacitance 
retention at —55°C, they have several undesirable 
Characteristics. The vapor pressures of amide 
base electrolytes are much higher than for glycols, 
thereby requiring superior sealing characteristics, 
and special materials in their containers. The high 
vapor pressures effect the long term life at high 
temperature operation. The toxicity of the amides 
is also considerably greater than glycols and 
they may also have adverse ecological effects. 


Philips Components has developed non-aque- 
ous, glycol family, electrolytes that possess 
excellent E.S.R. characteristics and superior, 
long term, high temperature operation. This is 
illustrated in Figure 4. This shows the superior 
E.S.R. stability of the glycol electrolyte vs the 
amide based on at 105°C operation. 
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Figure 3. Impedance vs. Frequency Characteristic of Standard 


FREQUENCY HERTZ 
Computer-Grade Electrolytic Capacitors. 
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LIFE TEST CHARACTERISTICS 
ESR @ 105°C DMF VS GLYCOL 
LOW VOLT ELECTROLYTE 
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Figure 4. E.S.R. Stability comparison at high temperature of amide 
vs. glycol base electrolytes. 


While the low temperature characteristics are 
somewhat inferior, the following curves should 
indicate that they are quite acceptable for all but 
the most critical military applications. 

The following figures illustrate typical low temper- 
ature operating characteristics with the newly 
developed and utilized electrolytes. 
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The Spacer. The characteristics of the spacer 
that separates the foil ribbons influence the ESR 
of the capacitor. Each type of spacer has a resis- 
tance factor dependent upon its density, type of 
fiber, and fiber shape. In the design of low-ESR 
capacitors, it is essential to use spacers with 
low resistance factors. At present, the lowest 
resistance-factor spacers are of the lowest-den- 
sity types, and since this low density is associ- 
ated with minimum mechanical strength, special 
equipment is required to utilize them effectively. 
Proper design sometimes involves use of more 
than one spacer for optimum electrical charac- 
teristics and ease of manufacture. Figure 9 pre- 
sents microphotographs of various spacers, 
showing their fiber structure. 


The Cathode. The cathode foil in an electrolytic 
Capacitor serves as a means of making extended 
contact with the electrolyte throughout the length 
and breadth of the separator strip. However, it 
also effectively forms another capacitor with the 
electrolyte, in series with the anode capacitor. 
The total effective capacitance is: 


1 1 1 


Ctotal Canode Ccathode 

Theoretically, the cathode foil has no insulation 
or oxide coating; its capacitance therefore should 
be infinitely large, and the total capacitance 
would be governed by the anode alone. Actually, 
a thin oxide film of some sort forms on the metal 
through exposure to the atmosphere and to the 
electrolyte, reducing this capacitance, though in 
all but low-voltage electrolytics it is considerably 
higher than the anode capacitance because of 
the relative thinness of the cathode film. 


Non-polar electrolytic capacitors are essentially 
two capacitors connected back to back. Both 
foils are anodized to form oxide barrier layers, 
and they share the electrolyte in common. The 
system is inefficient, having a high power factor 
due to the large ESR, but is an effective and 
economical device in such AC applications as 
motor-starting capacitors where the intermittent 
use allows time for dissipation of generated heat 
between operations. The capacitor manufacturer 
is well equipped to advise a customer on his 
specification, and his application, to maximize ae 
performance and life at minimum cost, and to 1A-69 PAPER 0.001 KAK 400X 75428 


Ss 


1A-69 PAPER 0.002 MLF DEXTER 400X 


adjust his processes to produce the idealized 
capacitor. Figure 9. Fiber Structures of Spacers. 
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ELECTRO-MECHANICAL CONSIDERATIONS 
Several mechanical innovations have been incor- 
porated into electrolytic capacitor design, aimed 
at improving the electrical performance as well 
as the efficiency of these components. A very 
significant one is the multi-tabbing of the foil 
windings. Since the foil cross-section is extremely 
small, the foil resistance can be appreciable, 
especially in the larger-diameter units. An effec- 
tive method for minimizing this resistance is to 
install several connection tabs at equal distances 
along the length of the foils. This has the effect 
of connecting the resistance of the segments in 
parallel, thereby reducing the total resistance of 
the foil ribbon, and lowering the ESR. 


Figure 10. Multi-Tabbed Doughnut-Wound Capacitor. 


The coiled helices of foil, being effectively in series 
with the conductive paths in the capacitor, also 
contribute some inductance to the ESL (equiva- 
lent series inductance) of the unit. But multi- 
tabbing reduces this effect significantly, not only 
by connecting the inductances of the segments 
in parallel, but also by the bifilar action of the 
centered tabs. For most effectively minimizing 
ESR and ESL, the tabs must be placed in the 
exact mathematical center of each segment; this 
placement is now accomplished by computerized 
techniques, which locate the tabs for optimum 
electrical performance, and for mechanical ease 
of assembly. Figure 10 shows this multi-tabbed 
construction, and Figure 11 shows typical char- 
acteristics achieved with this design. Capacitors 
of this construction can attain ESR values of less 
than 2 millionms in the 120Hz-40kHz frequency 
range. 
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Another benefit of the multi-tabbing technique is 
greater realization of capacitance in high-capaci- 
tance, low-voltage units. Since the unit capaci- 
tance with its associated individual foil resistance 
is a strip-line network, reduction of this resistance 
increases the effective capacitance at the termi- 
nals of the device. 


1 50004" D 
Crt 75 volts alll 
Ee) 
means 


FREQUENCY Hz 


Figure 11. Impedance and ESR vs. Frequency, Philips Components 
High-Frequency Capacitor. 


Another recent improvement is the elimination of 
potting compound. This is available on special 
order when a higher than standard vibration is 
a requirement. In previous designs, a bituminous 
compound was used to anchor the capacitor 
element in its metal case to prevent damage or 
failure due to mechanical vibration; this com- 
pound, being a poor thermal conductor, consti- 
tuted a barrier to efficient heat dissipation from 
the element. Philips Components developed a method 
(patent pending) of crimping the sides of the 
case to achieve direct contact with the capacitor 
element as shown in Figure 12. This achieves a 
positive anchoring of the element, preventing its 
movement in any direction when subjected to 
vibration. 

Direct and firm contact between case and ele- 
ment provides excellent thermal conductivity from 
the element to the ambient atmosphere and 
chassis or frame support, resulting in cooler 
operation of the capacitor. In addition, absence 
of potting material results in uniform gas expan- 
sion space in each unit, increasing the operating. 
life of the capacitor. Units with this construction 


Philips Components ° 6071 St. Andrews Road ° Columbia, SC 29212-3198 ° (803) 772-2500 « FAX: (803) 772-2445 


Aluminum Electrolytic Capacitors 


MODERN ELECTROLYTIC CAPACITOR TECHNOLOGY 
oe ee ees 


are the most suitable for mounting in any plane 
during operation. 


Figure 12. Crimped Case. 


Further enhancement of the thermal efficiency of 
the unit is achieved by winding the capacitor 
element with a large core opening (see Figure 10). 
The development of foils with higher capacitance 
per unit area decreases the foil length required 
for a given capacitance rating. By keeping the 
outer diameter constant, for efficient roll contact 
with the case, and increasing the internal core 
size, a higher thermal efficiency is realized. 


DEFINITION OF CAPACITOR PARAMETERS 

Electrically, an ideal capacitor exhibits only 
capacitance between its terminals—no resistance, 
no inductance—and when a varying voltage is 
applied, the current flowing in it will lead the volt- 
age applied across it by 90° In practical capaci- 
tors the situation is as shown in Figure 15, the 
lumped-parameter circuit for a capacitor. Because 
of its physical construction and composition, the 
capacitor unavoidably includes both inductance 
and resistance in series with the capacitance, and 
minute leakage paths through the dielectric add 
some resistance in parallel with the capacitance. 


ESL, the “equivalent series inductance,’ is deter- 
mined by the mechanical construction of the fin- 
ished capacitor. ESR, the “equivalent series 
resistance.” in an electrolytic capacitor is deter- 
mined by the electrolyte, the spacer, the dielectric 
(barrier oxide), and the foil resistance. R,, the DC 
resistance due to leakage current, is determined 
by the qualities of the dielectric. The actual values 
of these lumped parameters vary quite widely 
among electrolytic capacitors because of differ- 
ences in size, and in forming techniques, as well 
as in construction and composition. In any given 
capacitor, they also vary with ambient conditions, 
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and with applied voltage, waveform, and fre- 
quency. What is more, they often vary in a non- 
linear manner. For these reasons, capacitor 
parameters must often be qualified by stating 
range limitations and conditions of operation. 
This has some significant influences on the equip- 
ment designer’s choice of a capacitor, and its 
performance in a particular application, as indi- 
cated in the following discussions. 


CAPACITANCE. The capacitance of an electro- 
lytic capacitor is normally stated in microfarads, 
though the time is approaching when single units 
will offer one or more farads of capacitance in 
a container of practical size. The forming process 
used to establish operating voltage ratings is a 
precise science, but it is not yet exact. Therefore 


Figure 15. Equivalent Circuit of a Practical Capacitor. 
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the actual capacitances achieved in capacitors DC WORKING VOLTAGE. This is the maximum 


of a particular production run will vary somewhat 
from unit to unit, and these units are cataloged 
within a liberal capacitance tolerance. Most 
applications for electrolytic capacitors are uncrit- 
ical of exact capacitance values, and require 
only that the capacitance exceed a nominal 
minimum value. 


CAPACITANCE TOLERANCE (ACCURACY). This 
tolerance is stated as the maximum positive and 
negative deviations of the capacitance from a 
rated nominal value, at a standard test tempera- 
ture (usually 25° +3°C), measured at a standard 
frequency (usually 120 Hz), at a negligibly low 
test voltage (usually 1 volt). It is usually expressed 
as a percentage of nominal capacitance. Com- 
mon tolerances are —10% +50%, —10% +75%, 
and +20%. Closer tolerances are available on 
special order, for critical applications. 
Notes: Measurements at other than the stand- 
ard test temperature must allow for the tem- 
perature characteristic (see blow) of the 
capacitor. “Negligibly low test voltage” means 
that the test voltage applied is not high enough 
to cause significant temperature rise due to 
losses and/or leakage. Usually at the standard 
test frequency, the test voltage is not critical. 


TEMPERATURE CHARACTERISTIC (OF CAPACI- 
TANCE). The variation of capacitance with tem- 
perature, in electrolytic capacitors, is non-linear, 
particularly in the region below room temperature. 
To list an over-all average numerical temperature 
coefficient would be misleading, since the coeffi- 
cient is quite small at Conventional operating 
temperatures, and substantially larger at low tem- 
peratures. Electrolytics are not ordinarily utilized 
in thermal-compensation or stabilization schemes, 
but their performance over a specific tempera- 
ture range is usually of interest to the circuit 
designer, and their temperature characteristics 
are customarily provided in graphic form (see 
Figures 5 and 8 for typical examples of glycol vs. 
amide electrolytics). 
The temperature characteristic of capacitance for 
a given type or model electrolytic capacitor will 
vary with the nominal capacitance and voltage 
ratings. 

Note: The temperature reference in this char- 

acteristic is that of the capacitor, not the ambient 

temperature. 
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voltage at which a capacitor may be operated 
continuously, over its rated operating temperature 
range. Voltages in electronic and electrical cir- 
cuits are often DC with an additional AC compo- 
nent consisting of ripple or noise signals, fluc- 
tuations due to power-line variations, etc. The 
specified DC working voltage rating includes the 
total (DC plus peak AC) voltage that may be 
applied in continuous operation. The AC compo- 
nent must not be allowed to exceed the DC com- 
ponent, to avoid polarity reversal and possible 
destruction of the capacitor. 


SURGE VOLTAGE. Electrolytic capacitors can 
usually withstand an occasional brief pulse or 
surge of voltage beyond their rated DC working 
voltage without being damaged. A surge rating is 
established for each type or model, which includes 
ripple, noise, power-line fluctuations and al/ 
transient occurrences. This rating is on a non- 
recurrent basis, and should never be exceeded, 
even momentarily. 


EQUIVALENT SERIES RESISTANCE (ESR). The 
ESR of a capacitor is a standard characteristic, 
expressed in ohms, representing all energy losses 
in the “equivalent” series resistance of a capaci- 
tor, regardless of source: lead resistance, termi- 
nation losses, dissipation in the dielectric material, 
foil resistance. It assumes that all losses can be 
represented by a single resistance in series with 
the idealized perfect capacitor. The power losses 
caused by it result in internal heating of the 
device, which in turn affects the useful expected 
life, the impedance (a major factor in applications), 
and the permissible ripple current. 


ESR is strongly dependent upon the operating 
temperature of the capacitor, and varies inversely 
with it as can be seen in Figures 7 and 8. This 
variance is primarily the result of the contribution 
of the electrolyte—spacer combination to the total 
ESR of the capacitor. 


An added source of ESR is found in the resistance 
of the aluminum foil itself, due to both the series 
resistance of the foil and the resistance of the 
oxide on the anode foil. The higher voltage ratings 
will have higher ESR values due to thicker anodic 
oxide films. 

Since in large capacitors the length of the foil 
ribbon is considerable, and the actual cross- 
section of the foil is relatively thin due to the 
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etching of the surfaces, significant resistance 
exists. This resistance is further affected by the 
individual etch patterns used, but may be con- 
trolled to some extent by adjusting the foil area- 
to-capacitance ratios; that is, the higher the ratio 
of foil area to unit capacitance, the lower the 
ESR produced. 


EFFECTIVE SERIES INDUCTANCE. The effective 
series inductance of a capacitor, which is a func- 
tion of its mechanical construction, dominates 
the impedance of the device above the self reson- 
ant frequency. This can become a limiting factor 
in higher frequency applications such as switch 
mode power supplies. The self resonance of the 
capacitor is that frequency at which the inductive 
reactance and the capacitive reactance are equal 
in magnitude and opposite in phase. At this fre- 
quency the impedance of the device is equal to 
the ESR. 


RIPPLE CURRENT. When a periodic (AC) voltage 

wave is superimposed on the DC voltage applied 

to an electrolytic capacitor—i.e., when the filter 

Capacitor ina DC power supply is being charged 

by the rectifier and discharged by the external 

load—current flows into and out of the capacitor. 

This “ripple current’ flows through the ESR of 

the capacitor, generating heat which increases 

the internal temperature of the unit. 

Being an electrochemical device, the capacitor 

is subject to deterioration, including a shortened 

life, by temperature increases. The higher temper- 

atures cause an increase in leakage current, and 

loss of electrolyte through the seals; the current 

flow initiates electrolysis of the electrolyte, gener- 

ating gas, and decreasnig the quantity of electro- 

lyte, which in turn causes a decrease in capaci- 

tance and an increase in ESR. The failure mode 

typically is a loss of capacitance to the point 

that the power supply ripple voltage will be beyond 

the specified limit. 

Manufacturers of electrolytic capacitors usually 
offer several grades of capacitors, rated by their 
length of accelerated life under test. Generally, 
the essential differences between these grades 
are the level of leakage current allowed, the type 
of electrolyte used, and the quality of the sealing 
method used. Figures 16 and 17 illustrate the 


difference in operating life between two Philips 


Components types: the Series 3186 and Series 
3120. 
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Figure 16. Series 3186—Life vs. % Rated Ripple Current and 
Ambient Temperature (at 100% Rated Voltage) 


3120 SERIES 


% RATED RIPPLE CURRENT 


POWER-ON LIFE (THOUSANDS OF HOURS) 


Figure 17. Series 3120—Life vs. % Rated Ripple Current and 
Ambient Temperature (at 100% Rated Voltage) 


At a 45°C ambient temperature, and 50% of the 
rated ripple current at that temperature, the 3186 
has an expected life of 14,000 power-on hours 
with 100% rated voltage applied. Under the same 
rated conditions, the 3120 will have a power-on 
life of 22,000 hours. The lifetime of both Series 
will be extended further if the applied voltage is 
reduced from the 100% value. 
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Ripple current through the capacitor can be mea- 
sured in several ways, Some more accurate than 
others. Figure 18 illustrates three of these methods. 
The first method shown is the most accurate. The 
current is read directly from a True RMS current 
probe. The second method, reading the RMS 
voltage across a very-low-resistance shunt and 
using Ohm’s Law to derive the current works very 
well, if the resistance of the shunt is less than 


arama a © 
R. 
P 
1. CURRENT PROBE. 2. VERY LOW RESISTANCE SHUNT. 
Ess 
R 
R. Figure 18. 
Measurement of 
E. Ripple Current. 
Ec 
3. RMS VOLTAGE. l=>- 
Zc 
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10% of the impedance of the capacitor. The third 
method is perhaps the easiest, but is the least 
accurate if the actual impedance of the capacitor 
is not known. The ripple current can be approxi- 
mated by dividing the RMS voltage by the cal- 
culated impedance: 


Z,='’ ESR? + (Xi — Xc)? 


{ 
here 2uafC 
Xi =27rfL 

f = frequency, C = Farads, L = Henries 


where the ESR, capacitance, and inductance 
are the values specified in the manufacturer’s 
literature. 


QUALITY, DISSIPATION, AND POWER FACTORS. 
These three factors are discussed together 
because they are interrelated, and are some- 
times misinterpreted when described individually. 
Quality Factor (or Q) is simply the ratio of the 
capacitor’s reactance to its resistance (Xc/R) at 
a specified frequency. It should be as high as 
possible, since a lower ratio indicates higher 
power loss. Dissipation Factor (DF) is the recipro- 
cal of Quality Factor: DF = 1/Q = R/Xc. It should 
be as low as possible, since high DF represents 
a high power loss. Power Factor (PF) is the ratio 
of resistance to impedance (R/Z) and represents 
the fraction of input voltamperes (or power) dis- 
sipated in the capacitor. Quality Factor and Dissi- 
pation Factor are terms associated with DC 
capacitors. Power Factor is primarily associated 
with AC motor start capacitors. 


INSULATION RESISTANCE AND DC LEAKAGE 
CURRENT. Ip is a measure of the capacitor’s 
ability to retain a charge with respect to time. It 
is the ratio of the DC test voltage impressed 
across to the current that flows through it (at a 
specified voltage and temperature). This current 
is measured 5 minutes after the capacitor has 
been charged to the test voltage. The capacitor 
then appears as a high resistance in parallel 
with an ideal (non-leaky) capacitor. Insulation 
resistance is sometimes expressed in megohms 
for small capacitors and as a time constant (the 
product of R and C in megohm-microfarads) for 
higher-value capacitors. It should not be con- 
fused with the equivalent series resistance. 
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About This Section... 

In these notes, we discuss and analyze the major 
design problems most frequently encountered 
in capacitor applications. The presentation 
assumes that the reader has: (1) read the imme- 
diately preceding sections entitled Modern 
Electrolytic Capacitor Technology and Technical 
Notes (pages ); (2) acquired adequate 
experience in conventional circuit design; and 
(3) gained reasonable facility with the mathe- 
matics of linear-circuit computations. Where 
appropriate, an accesible bibliographic reference 
iS given. 

We have attempted to make this presentation 
mathematically rigorous and physically realistic. 
When a simplifying assumption has been made, 
ithas been noted...and, if necessary, explained. 
One final word: these are the design-engineering 
topics that we feel you are most likely to encounter; 
but there are many others that arise less frequently, 
yet are challenging, and can be critical to circuit 
performance and reliability. You are invited to 
consult us about any such engineering problem 
in the application or selection of aluminum elec- 
torlytic capacitors. Write or call: 

Applications Engineering Department 

Philips Components 

6071 St. Andrews Rd. 

Columbia, South Carolina 29212-3198 


ldc as lac at 


Figure 1. 
Equivalent circuit 
of an electrolytic 
capacitor and 

for non-sinusoidal 
(but periodic) 

AC ripple voltage 
with significant 
DC component. 


E; sin (w,t) 


E> sin (2w,t + Za) 


| 
\ 
| Vdc 
| 


a 


eo Ede 


E, sin (nw,t +n) 


Ripple Voltage and Current; Total Dissipation. 

Figure 1 shows the “general cases’ for both the 
applied voltage and the parameters of the equiv- 
alent circuit of the capacitor. Note the following: 


*See any text dealing with spectral analysis. Publications like the 
ITT handbook (any edition) are also useful aids. 
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1. The applied voltage comprises the series com- 
bination of a dc voltage and a periodic ac 
waveform of unvarying shape and amplitude. 
By Fourier analysis, it can be shown that any 
continuous, periodic waveform can be 
expressed as the sum of a set of sinewave 
signals of various relative amplitudes and 
phases. The lowest-frequency signal has a 
frequency fi = 1/7, where 7 is the period of 
the original waveform. The other sinewave sig- 
nals in the set occur at integral multiples of that 
lowest frequency (i.e., at 2/7, 3/7, 4/7...n/7r), 
and are called the “second, third, fourth,... 
and nth harmonic components of the original 
waveform. 


2. The amplitudes and phases of all harmonic 
components present can be computed from 
the Fourier integral and the geometry of the 
Original ac ripple-voltage waveform. Although 
some waveforms have an infinite number of 
harmonic components, the amplitudes of the 
higher-order harmonics are negligibly small. 
In waveforms exhibiting “mirror symmetry” 
(between the geometries above and below 
Egc), only the odd harmonics exist—i.e., the 
fundamental and the third, fifth, seventh, etc. 
The phase relationships are often restricted to 
0° and 180° (plus or minus sinewave polari- 
ties). Figure 2 shows a number common peri- 
odic ac ripple waveforms and their Fourier 
expansions. 


. In precise ripple-current computations, the rms 
values of the individual harmonic current com- 
ponents may be individually determined, then 
summed by a formula that involves taking the 
square root of the sum of the squares of all 
significant harmonic current amplitudes, as 
shown in example #2, below. 


4.There is one simpler case than that just 


described. It is illustrated in example #1, in 
which the ripple voltage is assumed to be a 
pure sine wave, at 120Hz; hence, there are no 
harmonic components. The ac impedance of 
the capacitor at 120Hz is known, from catalog 
data supplied, and need not be computed. /n 
this one special case, the rms ripple current 
is computed simply by dividing the rms value 
of the applied ripple voltage by the (120-Hz) 
impedance of the capacitor. The dissipation 
due to ripple current is, then, (| ac rms)? X 
ESR. To this must be added the dissipation 
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FOR ALL WAVEFORMS: 


t = period =+ ant=w ant =at The relative values of the coefficients of cos nx are plotted below as 
a function of nk for the case k <<1, i.e., for short pulse. Under these 
conditions the coefficients of cos nx are proportional to sin nkz)/nkz. 


Square wave 
(t) = 4E (cos (ot - Lcos (Sut) + Leos (Sut) — Scos(7wt) + 
ow) = 4 wt = Lcoataat) +2 : -) 


E 


ry 


wt —e 


pine 
serene | ) 05 AVC U8S Th 20 2:5 aan a 4.0 
T Relative amplitude of harmonics for k <<1. al 
Triangular wave 
‘¢ 
e (t) =f cos (wt + $c0s (Sut) + 35 cos (Sat) + --+) ot = 
T Hbyc 
stiess © finer 
E at —~ 
Half-wave rectifier output 


1 2 2 | 
= ae wt) += +— w 
tae sh: e(t) 3 (' +5 C08 (wt) ae 75 COS (4wt) += cos (6 | 


Sawtooth wave . 


: - : > (12 2668 (net. 
e(t) = (sin(ot - Fsin (Zot) + Psin (But) — Fsin (dot) + -) n2= 4 


) 
: a | 
Hy ee | Inn te 
NICSE eA a aE 
b vis nbd Full-wave rectifier output 


2 2 2 
Short square pulse e(wt) wee E(' a5 cos (2wt) — 15 — cos (4wt) + 35 — cos (6wt) 
e(t) =E [k +7 (sin kn cos (wt + $ sin 2kn cos (ut) w 
+4sin 3kncos (3wt)... +1 sin nkrn cos (not). ..)] onc ON ae i ) 
i=) 


Figure 2. 
Harmonic Composition of Some Common Periodic Waves. 
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due to leakage, which is Edc X Idc, where Idc 
is the rated maximum leakage current at the 
operating temperature. 
5.In the generalized equivalent circuit of the 
capacitor shown in the right-hand side of figure 
1, the leakage resistor is shown as EPR, the 
Equivalent Parallel Resistance. It is safely 
assumed to be constant and independent of 
both applied voltage and frequency, provided 
only that the applied Edc is at least 30% of 
the rated working voltage of the capacitor. It 
is temperature-dependent to some extent. The 
methods of measuring Idc and ESR are such 
as to separate them effectively. ERS is, however, 
sensitive to frequency, operating temperature, 
and (to a much lesser extent) to the applied 
dc and ac voltages. 
Returning to Figure 1, it should be clear that the 
left-hand side of the diagram represents any 
applied ripple voltage, having any dc component, 
and any amplitude and wavefore of variation, 
provided only that the variations are truly periodic. 
Thus, figures 1 and 2 provide the basis for a 
generalized technique for computing ripple cur- 
rent from applied voltage (of any waveform or 
period) and from the parameters of the capacitor. 
The capacitor parameters are shown on right- 
hand side of figure 1. Remember that the methods 
used for measuring ESR and EPR keep them 
separate and independent. Therefore, EPR is 
assumed to dissipate power only due to the dc 
leakage current (Idc); and ESR is assumed to 
dissipate power only due to the rms ac ripple 
currents (appropriately summed as lac), caused 
by the individual Fourier ac voltage components. 


Example No. 1. This example considers the 
simplest practical case of the application of the 
foregoing theory. In it, the applied voltage is the 
sum of a dc voltage and a single sine wave. Such 
a ripple waveform is applied across the capacitor 
when a full-wave rectifier drives the capacitor 
through a multi-section low-pass, “choke-input.” 
LC filter having a fairly sharp cutoff just above 
the fundamental ripple frequency. (Even a single 
large inductance between the full-wave rectifier 
and the capacitor closely approaches the 
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example.) Given the applied voltage values and 
the capacitor parameters listed below, what dis- 
sipation occurs in the capacitor? 
Edc =200V C=400uF 
Eac =6 sin(wt) X, at 120Hz=0.0080 
@ =21(120)=75 + ESR at 120Hz=0.10 
EPR at 250Vdc=10&0 
The dc leakage current is simply the ratio of Ede 
to EPR, or 
Idc = 200/10§ = 200uA = 0.2mA 
and this dissipates a power equal to the product 
of EDC and Idec, or 
Pdc = 200 X 0.2 X 10° = 40mW = 0.04W 
The ac computation is slightly more difficult, but 
equally straightforward, since only a single fre- 
quency is involved. 
Zac=ESR+jwESL—j—e 
wC 
In this example, both ESR and jwESL are negli- 
gibly small compared with 1/ja@aC at 120 Hz, so 
we may write: 


(a vector sum) 


Zac = 1/jwC 

(Note that the normal data given for this capacitor 
includes its 120Hz impedence, which may be 
used in place of the 1/j~wC computed for Zac) 
and we may ignore the j, since all it tells us is 
that the current lac leads the applied ac voltage 
by 90°. Therefore, 

Zac = IlaG — 1/400 X 10° X 754) 
or Zac = 3.320 
and we may compute lac 

lac = 6 sin (754t)/3.32 = 1.81 sin (754t). 
In other words, lac is a sine wave of current 
having a peak value of 1.81 amperes. For a sine 
wave, the rms value is 0.707 times the peak value, 
SO 

lac = 0.707 X 1.81A = 1.28A rms 
and the power dissipated in ESR is 
Pac = (lac rms)? ESR = 0.16W 

and the total power dissipated in the capacitor is 

Pt = Pac + Pde = 0.16W + 0.04W = 0.2W 
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Example No. 2. In this second example, we con- 
sider a 400,F capacitor with the same ESR and 
ESL, to which we apply a sawtooth ripple-voltage 
waveform, superimposed on a large Edc, as 
before. As we shall see later, this type of ripple 
waveform can occur when the rectangular-wave 
output of a switching regulator at, say, 95% duty 
cycle is fed to the capacitor through an inductor. 
Referring to figure 2, we find that the Fourier 
components of a sawtooth wave occur at both 
even and odd harmonics, diminishing in ampli- 
tude inversely as the order of the harmonic. If 
we assume a 3.14V peak-to-peak ripple ampli- 
tude superimposed on the 200V Edc, and 1/7 = 
400Hz, what dissipation occurs in the capacitor? 


Edc=200V C.. =400uF 
Eac=3.14V p-p 
sawtooth ESL=10.6uH 


X, =0.0080 at 120Hz 
t =1/400 seconds ESR=0.10, assumed 
constant over the 
spectrum from 400Hz 
to 2,400Hz* 


The dc leakage current at 25°C and rated voltage 
is given by: 
Idc = 200/108 = 0.2mA, 
which causes a dissipation in EPR of: 
Pdc = 200 x 0.2mA = 0.04W. 


*See typical DF-vs-frequency curve, figure 3. DF = (ESR X wC). 


20% 


10% 


DISSIPATION FACTOR 


FREQUENCY Hz 


Figure 3. DF vs. Frequency for Electrolytic Capacitors. 
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The ac computation is best handled by a chart 
format, as shown below. 


f w(2rTf) E peak 
400Hz 2,500 2V ew = £03.14) sin(wt) — 5 sin (Qt) 
SO0HZ 0,000 GLY. 

1,200Hz 7,500 0.67V_ +3(sindut) — jsin (4ut) +... 

1 ,600Hz 1 0,000 0.50V (The first six harmonics of sawtooth 

2,000Hz 12,500 0.40V_ wave, from figure 2) 

CA00KZ elo 00 aso V. 

Ww 1/wC owl ESR 1/wC—wl 
2:500. 2iT.0°Q80:02640% O90 0.9740 
5,000 °0.5 0 0.05288t0Grit 0.4470 
7,500'201330.10:07920), 6000 0/2519: 

10,000+ :0:250 ~0:1056@" 01 @ 0.1440 

12:500 <0:200ne0H820 0.10 0.0680 

15,000 0.100 0.2640 0.10 0.1640 

W Zac Epeak lpeak Irms 
2000 ni loV4O n32,0V. 1.9A 1.4A 
5,000 4 ,0:550. s1OV 1.8A 1.3A 
£;500. O26 On. O61, 2.5A 1.8A 

10,000 0.170 0O.5V 2.9A 2.1A 

T2-o00F Osta Oa 3.3A 2.3A 

15,000 0.190 0.33V 1.7A 1.2A 

Ww Irms l2rms Pac (=ESR X|¢rms) 
2,000 1.4A 2.0A2 0.2W 
5,000 1.3A 1.7A2 0.17W 
7,500 1.8A 3.3A2 0.33W 

10,000 2.1A 4.4A2 0.44W 

12.5065" 233A 5.3A2 0.53W 

15,000 1.2A 1.4A2 0.14W 


Pac = 1.81W (Fundamental through 6th harmonic) 


The total power dissipated is given by: 
Pt = Pdc + Pac = 0.04 + 1.81 = 1.85W 
A number of useful facts may be deduced by 


analyzing and comparing the results of examples 
1 and 2. 
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- At low-frequencies—i.e., well below resonance— 
only the capacitance and ESR are significant. 
Even the ripple-voltage waveform is not very 
important, if most or all of the high-amplitude 
harmonics fall below resonance. In both exam- 
ples we have used a capacitor that is resonant 
at about 2.5kHz: 

{ 


fres = —___—— 
2r’ LC 


that is, the frequency at which 


a 1 

Sea =rG 

“L’ in the above formula is the ESL of the capaci- 

tor. For L = 10.6uH and C = 400:F f res = 2,445Hz. 

- So great is the diffeence between signals fall- 
ing well below resonance and those approach- 
ing resonance, that the 6V p-p ripple voltage 
of example 1 causes only about one-tenth the 
dissipation of the smaller signal (3.14V p-p) 
used in example 2...because the smaller signal 
has harmonic components near the capacitor’s 
resonant frequency; in fact, the fifth harmonic 
falls just below resonance, and the sixth is just 
above it. 

-In both examples, note that we have used as a 
starting point the ripple vo/tage across the 
capacitor, not the ripple current flowing through 
it. lf we had known the rms ripple current, then 
it would only have been necessary to square 
that current, and multiply the result by ESR: 

Pac = (Irms)? ESR watts. 


Capacitor Calculations for Switching Regulator 
Output Circuits 

For the specialist designer in motor controls and 
power supplies, this introductory treatment will, 
no doubt, convey very little new information. The 
technical literature of the past few years has 
piled up a mass of detailed analytical approaches, 
some of them involving complex mathematics. 


For the engineer who wishes to make a good 
start on the design of the basic regulator (figure 
4), and of many popular variations of this basic 
type, the following is well worth reading. 


Figure 4. Equivalent circuit 
representative of many 
“constant-frequency,” or 
duty-cycle-modulated switching 
regulators. 


sacs 
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- If a number of rms ripple current (e.g., at dif- The circuit operates at a fixed frequency; that is, 
ferent frequencies, asin example 2) aretopass 7 in figure 4 is a constant—say 100usec for a 
through the same ESR, the dissipation may be 10 kHz regulator. The control of Eo is achieved 
computed by the principle of superposition, by changing the duty cycle (a) of the control of 
using the sum-of-squares formula: the switching transistor. aon 

Pac = [(I,)2 + (1,2 + (I,)2 + ...(In)2] ESR watts El falter 
where I,, I, |,, etc. are each rms values. 
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Figure 5 relates the various parameters around 


the circuit to critical currents and voltages that 


are established by the designer. Figure 5 presents 
a total of six sets of parametric curves, all syn- 
chronously related on a time “ladder,’ and the 
reader will find it possible, by moving from 5a to 
5f, in various random sequences, to perform the 
three design tasks he must complete before the 
details of the electronics circuit can be attacked. 


For example, figure 5f allows one to start with the 
required output voltage and the sum of the load 
and capacitor current (figure 5b) to read the 
product 2AVRC. From this computation, one can 
use figure 5d to determine the value of C. 

One final note about figures 4 and 5. The results 
obtained from manipulations of figure 5 will not 
give completely valid results if the X, shown in 
figure 4 is significant in magnitude to ESR. Fur- 
thermore, the results obtained in sucha situation 


ZERO 
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i acae iV (max)—i, (min) 
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are “optimistic.” Tending to yield smaller values 
of C and lower power dissipation. Using the new 
aluminum electrolytics with amide elecirolytes, it 
is possible to obtain extremely large values of 
Capacitance in which the X, term is negligible 
compared to ESR. 

It is obvious that we are not able to present the 
complete subject in this condensed summary. 
Two or three sample designs, however, treated as 
exercises, should serve to give the reader suffi- 
cient versatility with this rigorous and compre- 
hensive view. 


Figure 5. Relationships among 
parameters of Figure 4, assuming 
X; 35 ESR: 


Figure 5b. Current through L.(i,). 


Figure 5e. Voltage across Re. (Vgc). 


Figure 5f. Output voltage. 
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Application Guidelines 


Plug-in Axial and Radial Lead Types 


Proper handling of aluminum electrolytic capac- 
itors in equipment assembly can insure good 
performance of the capacitors and a long life. 


Insulation 

General purpose types of aluminium electrolytic 
Capacitors are covered with a sleeve made of 
vinyl chloride or the like. This sleeve is used for 
marking. When the internal element or the con- 
tainer needs to be electrically isolated, capacitors 
specially designed for insulation requirements 
should be used. 


Element Seal Rubber 


Lead wire 


it 


[zs 


Aluminum lead 


/ Aluminum case 


Mounting 

The distance between the terminal holes on the 
circuit board should be the same as that between 
the lead wires or terminal of the capacitor. 
Excessive force in mounting on circuit boards 
should be avoided. 


Axial Lead 


Radia! Lead Plug-In 


Element 


~ Sealing 
plate 


(GX 
AY [MOMMY EE 


Lead wire 


Lead wire Lead Blank terminal 


(Excessive lead stress) (Wrong hole distance) 
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1. Axial and Radial Lead Types 

Improper insertion of the lead wires in circuit 
boards may cause electrolyte leakage or break 
the lead wires or impair their connection with the 
internal elements. When the distance between 
the two terminal holes on the circuit board can-' 
not be reduced to that between the lead wires, 
lead-formed capacitors are recommended. 


Lead stress should not exceed 1.5 kg. 


2. Plug-in Type 

Improper insertion of the terminals in circuit 
boards may break the terminals or impair their 
connection with the internal elements. 

The blank terminal of a multi-terminal capacitor 
should be considered to be at the same potential 
as the electrolyte and should therefore be isolated 
from the circuit. When the blank terminal cannot 
be electrically isolated from the circuit, a capacitor 
with a blank terminal that is insulated from the 
capacitor element should be specified. 


Soldering 

Incorrect soldering may shrink or break the sleeve. 
Please read the following information carefully, 
before soldering. 

1. Too high a soldering temperature or too long a 
soldering time may Cause secondary shrinking 
of the sleeve which unnecessarily exposes the 
container. No problems will be observed at a 
soldering temperature of 260°C or below for no 
more than 10 seconds. 

2. Soldering may melt or break the sleeve, if the 
sleeve is in contact with circuit patterns. To avoid 
this problem, the capacitors should be mounted 
slightly raised from the circuit board. (Lead- 
formed capacitors are recommended.) 

3. Sleeve may be melted by solder which has 
migrated up through the terminal holes on the 
circuit board. To avoid this problem, the same 
application as stated in the foregoing paragraph 
is recommended. 

4. When soldering, heated lead wires or terminals 
of adjacent components may tear the sleeve if 
contacted. Please mount carefully so as not to 
bring adjacent components’ terminals or lead 
wires into contact with the sleeve, particularly 
when mounting on through-hole circuit boards. 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


Cleaning 

Aluminum can be aggressively attacked by halide 
ions, particularly by chloride ions. Even small 
amounts of chloride ions inside of the capacitor 
will cause Corrosion accidents—rapid capacitance 
drop and venting. Therefore, the prevention of 
chloride contamination is the most important 
check point for quality control in our production 
lines. 

At present, chlorinated hydrocarbon organic sol- 
vents such as Trichlene,™ Chlorocene,™ and 
Freon™ are commonly used to remove soldering 
pastes from circuit boards. However, if general 
purpose types of aluminum electrolytic capacitors, 
whose seal constructions are not solvent-proof, 
are cleaned with such solvents, the solvents may 
gradually penetrate the seal portion and corrode 
the inside of the capacitor. 

Accordingly, only alcohol base solvents are 
recommended for cleaning. Chlorinated hydro- 
carbons are not recommended. 

The mechanism of corrosion of aluminum elec- 
trolytic capacitors by chloride ions can be 
explained as follows: 

Chlorinated solvents are absorbed and diffuse 
through the polymer seal to enter the inside of 
the capacitor. Various chemical reactions may 
occur depending upon the particular solvent and 
electrolyte, but the final result is release of 
chloride ion. 

Chloride ion can penetrate through imperfections 
and micro-cracks in the aluminum oxide dielectric 
layer to reach the underlying aluminum metal. 
At these points the metal is attacked with pro- 
duction of a soluble chloride in this anodic half- 
cell reaction: 

Al+3Cl>=SAICi Foe": 235 CIOS. Up (8) 
There is always at least 1-2% water in the electro- 
lyte and this is sufficient to hydrolyze the AlCls: 

AICIl3+3H20—AI(OH)3+3Ht+3CIl— ..... (9) 
This reaction releases chloride ion for further 
attack of aluminum. The hydrogen ion increases 
the local acidity which causes oxide dielectric 
to dissolve. 

Thus localized corrosion occurs at an accelerated 
pace with attack of both metal and dielectric. 
Recommended cleaning solvents therefore are 
those free of halogen. When halogenated sol- 
vents must be used, solvent-proof capacitors, 
whose seal construction are specially designed, 
are recommended. 
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Some adhesives, dampproofing agents and dust- 
proofing agents also contain halides and should 
be used with caution. 


Cleaning of “Solvent Resistant” Capacitors 

The load life test specifications shall be satisfied 

after the capacitors are subjected to the following 

cleaning conditions. 
Freon TE® or Freon TES® 
Max. cleaning time: 5 minutes 
Cleaning method: Immersion, ultrasonic, 
or vapor 

—Caution— 

1. The capacitors can withstand the immersion 
cleaning with chlorothene for a maximum of 5 
minutes at the normal temperature. However, 
PVC sleeve swells with chlorothene and then 
may shrink by heat at drying process. Consult 
for chlorothene cleaning. 

2.When the lead spacing of the capacitor is 
different from the hole spacing to the PC board, 
use the lead forming type capacitor to prevent 
stress on seal. 

3. Consult for flux to be used and other cleaning 
conditions. 

(Freon TE and Freon TES are registered trade- 

marks of Dupont, Inc.) 


Storage 

The characteristics of electrolytic capacitors 
depend on temperature; the higher the ambient 
temperature, the faster the deterioration proceeds 
(leakage current increase, tan 6 increase and 
capacitance drop). Humidity is another deter- 
iorating factor. Capacitors may have their lead 
wires/terminals oxidize, impairing solderability, 
when stored in humid places for long periods of 
time. 

Aluminum electrolytic capacitors should be stored 
at room temperature in dry places out of direct 
sunlight. 

Capacitors stored at room temperature for not 
more than 2 to 3 years will show a negligible 
rise in the leakage current and will need no 
special treatment. 


If aluminum electrolytic capacitors are stored 
above room temperature for long periods oftime, 
the anode foil may react with the electrolyte to 
increase the leakage current. The application of 
even normal voltages gives such capacitors larger 
leakage currents, whereby the amount of gas 
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generated may cause the safety vent to open. 
Capacitors stored for long periods of time should 
be subjected to a voltage treatment* which reforms 
the dielectric. By this reform process, leakage 
Current is reduced to the initial level. Leakage 
Current increase varies with working voltage of 
the capacitors, normally in the order: 

Low voltage capacitors<Middle voltage capaci- 
tors<High voltage capacitors. 


Effect of Storage Time and Temperature 


5OWV — 100uF (012.5 x 208) 


% Capacitance change 


———=-_ Leakage current in pA 


Time in years 


*Note 

The voltage treatment is to gradually increase the applied voltage 
up to the rated value so that the current is set to the capacitor’s 
specified leakage current value, and then keep the applied voltage 
at the rated value for 30 to 60 minutes. 


General Guidelines For Using 
Electrolytic Capacitors 


1. Electrolytic capacitors for DC application 
require polarization. 

Confirm the polarity. If used in reversed polarity, 
the circuit life may be shortened or the capacitor 
may be damaged. For use in circuits whose 
polarity is occasionally reversed, or whose polarity 
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is unknown, use bi-polar Capacitors. Also, note 
that an electrolytic Capacitor cannot be used for 
AC application. 

2. Do not apply a voltage exceeding the 
Capacitor’s voltage rating. 

lf a voltage exceeding the capacitor’s voltage rating 
is applied, the capacitor may be damaged as 
leakage current increases. When using the 
capacitor with AC voltage superimposed on DC 
voltage, care must be exercised that the peak 
value of AC voltage does not exceed the rated 
voltage. 


3. Do not exceed ripple current specification. 
Use the electrolytic capacitor at current values 
within the permissible ripple range. If the ripple 
current exceeds the specified value, request 
capacitors for high ripple current applications. 


4. Determine the operating temperature range. 
Use the electrolytic capacitors according to the 
specified operating temperature range. Usage at 
lower temperature will ensure longer life. 


5. The standard electrolytic capacitor is not suit- 
able for circuits in which charge and discharge 
are frequently repeated. 

If used in circuits in which charge and discharge 
are frequentiy repeated, the capacitance value 
may drop, or the capacitor may be damaged. 
Please consult our engineering department for 
assistance in these applications. 


6. Apply voltage treatment to the electrolytic 
capacitor which has been allowed to stand for a 
long time. 

If the electrolytic capacitor is allowed to stand 
for a long time, its working voltage is liable to 
drop, resulting in increased leakage current. If 
the rated voltage is applied to such a product, a 
large leakage current occurs and this generates 
internal heat, which damages the capacitor. If the 
electrolytic capacitor is allowed to stand for more 
than 2-3 years, apply a voltage treatment. 


7. Cleaning circuit boards after soldering. 
Some solvents have adverse effects on capacitors. 
Ask our engineering department about suitable 
cleaning agents. 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


8. Do not place a soldering iron on the body of 
the capacitor. 

The electrolytic capacitor is covered with a vinyl 
sleeve to insulate the case. If the soldering iron 
comes in contact with the electrolytic capacitor 
body during wiring, damage to the vinyl sleeve 
and/or case may result in defective insulation, 
or improper protection of the capacitor elements. 


9. Be careful of temperature and time when 
soldering. 

When soldering a printed circuit board with 
various Components, care must be taken that the 
soldering temperature is not too high and that 
the dipping time is not too long. Otherwise, there 
will be adverse effects on the electrical charac- 
teristics and insulation sleeve of electrolytic 
capacitors. In the case of small-sized electrolytic 
capacitors, nothing abnormal will occur if dipping 
is performed at less than 260°C for less than 
10 seconds. 


10.Do not apply excessive force to the lead 
wires or terminals. 

If excessive force is applied to the lead wires and 
terminals, they may be broken or their connections 
with the internal elements may be affected. (For 
strength of terminals, refer to JIS C5102, C5141 
and C5142.) 


11. Care should be used in selecting a storage 
area. 

If electrolytic capacitors are exposed to high tem- 
peratures caused by such things as direct 
sunlight, the life of the capacitor may be adversely 
affected. Storage in a high humidity atmosphere 
may affect the solderability of lead wire and 
terminals. 


12. Surge voltage. 

The surge voltage rating is the maximum DC over- 
voltage to which the capacitor may be subjected 
for short periods not exceeding approximately 
30 seconds at infrequent intervals of not more 
than five minutes. Unless otherwise specified, 
the rated surge voltages are as follows: 
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Rated Voltage (V) 6.3.10 16 25°35 
Rated Surge Voltage (V) Oo Os Un ee eee 
Rated Voltage (V) 50 63 80 100 160 200 


Rated Surge Voltage (V) 63 79 100 125 200 250 


Rated Voltage (V) 250 315 350 400 450 


Rated Surge Voltage (V) 300 365 400 450 500 


13. Capacitor case sizes and other product 
standards specified in this catalog may be 
changed or modified without notice for improve- 
ment of quality. 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


LEAD CUT AND LEAD FORMING 


Case dia. of 65 to ¢8 Unit (mm) Case dia. of #10 to #18 and 3479 Type (#22 to 430) Unit (mm) 


FC/Forming Cut 


ied || cee 
| Tes 


52035 


2 max. 


*3.5+0.5 mm is available for case dia. $4. 


Case dia. of #5 to ¢8 Unit (mm) Case dia. of #10 to 18 Unit (mm) 


MC/Snap-in Cut 
FM/Snap-in Forming Cut pak 


PRODUCT LABEL SPECIFICATION 


Philips Components Capacitors are marked with: 


@ Nominal Capacitance Series Code Numbers and Sleeve/Marking Colors are as follows: 


= Rated Voltage SERIES SERIES CODE COLOR 


@ Series Code Number 

3476—STD Blue/Black 
3476—Solvent Proof Blue/Red 
3480 Dark Brown/White 


@ Polarity 

@ PHILIPS 

@ Country of Origin 
® Special Tolerances 


3481 Orange/Black 

3480—Solvent Proof Dark Brown/Yellow 
(Green) 

3481—Solvent Proof Orange/Red 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


TAPING 


> 
_ 


(8mm diameter & smaller) 


win 


ZA[OsIAIZ un 


J 


. Note: The component can be oriented on the tape with 
“DD either positive or negative lead leading. Customer 
Base tape must specify. 

Adhesive tape 


s4opiozede) 


(Cumulative pitch error: 1mm/20 pitch) 
To be measured at bottom of clinch 
Feed hole center to component center 


Hole-down tape width : 
Hole-down tape position 


18.5 (5, 6.3) 
20.0 (@8) 


“For D=8, H=20.0+0.75 is available. In this case, the dimension of H, is not specified. 
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Application Guidelines 
Plug-in Axial and Radial Lead Types 


PACKAGING > 
AMMO PACK BOX REEL PACK BOX > 
1) 

= 

_ Line for tear-off ns 

Dia. of Packaging | Dimension = Packaging quantity m 

capacitor | quantity oR” ie ® 

eek 4K Dia. of Packaging 8 

2000 pcs. Y capacitor quantity | r 

2000 1G) 1500 pes. q 

kK (aes Seed 1000 = 

ee te K 3 

Nee Xa 

50+2., 370+2_4| S 

Note) The component shall be oriented on the tape so that the © 

positive lead is leading or the negative lead is leading, 5 

whichever customer request. g 

g. 

S 

4 
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METRIC CONVERSION TABLE 


UNINSULATED CASE DIMENSIONS 


Case 
Dimensions 
Length 
mm 


Case 
me] 
Length 
Inches 


oa 0.5 
2.9 0.6 
3.5 0.6 
5.0 0.6 
5.0 0.6 
5.0 0.6 
5.0 0.6 
3:0 0.6 
5.0 0.6 
5.0 0.6 
5.0 0.6 
5.0 0.6 
5.0 0.6 
(igs 0.8 
(Gs 0.8 
(es 0.8 
15 0.8 
1.2 0.8 


CASE OUTLINE DRAWING DIMENSIONS (mm) 
FIG. A 


od 


Viny! sleeve 


D+1.0 


Conversions of mm to inches for any dimensions not shown on the Conversion Table can be done by dividing mm by 25.4. 
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Summary of JIS C5141/C5102 


Scope Bb 
This standard specifies the characteristics, The testing method shall comply with JIS C5102— = 
ratings, and dimensions of polarized, aluminum- Methods for Testing of Fixed Capacitors for = 
foil, dry-type electrolytic capacitors for electronic Electronic Equipment. S 
equipment, based on JIS C5140—General Rules = 
for Electrolytic Capacitors, mainly to be used in 5 
DC circuits. tm 
Table 1 o 
r) 

Performance + 

ar Testing method Summary of testing 

Cieracteniate (JIS C5102) method in JIS C5102 Q 

< 

fad 
Range of operating temperature °C ~ S 

+85 

2) 

2 Range of rated voltage V 2 
Appearance by visual pt) 

3 Construction and dimensions To comply with Figs. and Tables To comply with 6.1 Dimensions by either © 
and 6.3 caliper or micrometer ~y 

: 

| :; “ 

4 Marking Solvent ; 7 ly with 6.2.1 Immersed & stationary in 
To be easily readable Readetiiito be Beers reagent at 20 to 25°C for 


0.05CV+10 N/A 


0.06CV 


. Rated voltage 
6.3V or over AQ 
up to 100V tO E150 
Nominal (excl.) 
capacitance] Rated voltage 
47 HF OF | 100V or over EO 100 
ass up to 350V 
(incl.) 
Tolerance on Rated Saat —10~+75 
capacitance over 35 
% Rated voltage 
6.3V or over er, Were AO 
up to 100V 10~+100 10~+150 
Nominal (excl.) 
capacitance] Rated voltage 
over 4.7 ysF | 100V or over oF ape 
up to 350V Roe ao) 
(incl.) 
Rated voltage —10~+50 


CV product 
1000 


or under 0.1CV 


0.1CV+60 
Leakage 
Current 

HA 0.03CV+30 
CV product 


over 1000 
0.06CV+100 


over 350V 


Rated voltage up to 
10V (incl.) 


Rated voltage over 10V 
up to 25V (incl.) 


Rated voltage over 25V 
up to 68V (incl.) 


Rated voltage 63V 
up to 315V (incl.) 


Rated voltage over 315V 


0.5 max. 


0.35 max. 


Tangent of 


loss angle? 0.25 max. 
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Precondition for 30 
minutes at rated voltage 
at 20-25°C, 24-48 hours 
prior to measurement. 
VOLTAGE: Rated Voltage 
TIME: 5 minutes after 
the voltage has reached 
the rated value. 
PROTECTIVE SERIES 
RESISTOR: About 

1,000 ohms. 


To comply with 7.4. 
Measuring circuit to 
comply with Fig. 6C 
Measuring frequency 
120Hz=10% 

The peak of measuring 
voltage not to exceed 
the rated voltage. 


To comply with 7.5. 
Test method of No. 6 
applies. 


IV 


Summary of JIS C5141/C 5102 


Table 1 Continued 


SJ Performance : : 

4 Characteristic Testing method Summary of testing 
(JIS C5102) method in JIS C5102 

= ACH ese a eae 

= cae igon par NG. 

is Leakage current Not to exceed value given in No. 5 bots pre we Bones 2 

Test conditions are: 

3 Not less than 85% | Not less than 80% | To comply with 7.10.3 VOLTAGE: Surge voltage 

Pa Capacitance of the value of the value Testing temperature for | specified in the individual 

ml before test before test characteristics C, B and | standard. 

1) Surge E. maximum operating SERIES PROTECTIVE 

8 voltage Rlotictetocd ericson temperature +2°C: for RESISTOR: About 

e Tangent of loss angle 175% of the value 200% of the value eparacierscs dois tage ceaed 

| iven in No. 7 given in No. 7 : F 

ey g 1,000 times for 30+5 

< seconds at intervals of 

< Appearance No notable change to be found 5+0.5 minutes without 

ee discharging. 

a To comply with 7.1 

iy) To apply 1500V (1000V 


No flashover, dielectric 
breakdown to take place 


for rated voltage less 
than 300V) for 1 minute 
between the case and 
mounting fittings. 

To comply with 7.2 
Measurement to be 
made between the case 
and mounting fittings 
with a 500V insulation 
resistance tester. 


Withstand voltage* 


Insulation resistance4 Not less than 10 MO 


s4ovizedeg 


Lead Wire 
Terminal Dm. 
To comply with 8.1. (mm) 
Terminal No breaking or Test condition (A) 0.3 thru 0.5 


strength loosening of terminal Duration of load >0.5 thru 0.8 
Bending strength Application 10=1 sec. >0.8 thru 1.2 
= 1.2 
Measured values to remain stable To comply with 8.2. 
Capacitance during measurement (when measured class (A). VIBRATION FREQUEN- 
several times within 30 minutes before 
Vibration the end of the test) 
resistance 


Vibration to be applied for] CIES. 10 to 55 to 10Hz. 
2 hours each in the direc-| in 1 minute. Simple 
tions parallel and perpen-| harmonic motion. 

Leakage current Not more than value given in No. 5 

Solder-dip | Variation of capacitance Within +10% of the value before test To comply with 8.3. 

heat : - Temperature of solder 

Tangent of loss angle Not more than value given in No. 7 350+10°C, dipping 


dicular to the longitudinal] TOTAL AMPLITUDE: 
axis of the capacitor. 1.5mm 
Total 4 hours. 
resistance No notable change to be found time 3+0.5 seconds. 
To comply with 8.4. 
Temperature of solder 
230+5°C. dipping time 
2+0.5 seconds. 


Ratio to value in Step 1 to be not 
more than value given in Table 2 


Within+25% of value in Step 1 


Tensile strength 


No notable change to be found 


The depth of dipping 
the terminal in flux and 
solder shall be up to 
4+0.8mm from the roof 
of the terminal, unless 
otherwise specified. 


FLUX. Methanol and sol- 
ution of rosin to be used 
OBSERVATION: It shall 
take place after dipping 
OBSERVATION INSTRU- 
MENT. Projector or mag- 
nifying glass with the 
magnification of about 10. 


A minimum of 75% of the terminal 


Qe surface must be covered with solder. 


Impedence 
Step 2 “ratte 


Variation 

a of capaci- 
at low Within +20% of value in Step 1 
temper- 
ature and 
high tem- 
perature 


To comply with 9.11. 
Measurement of impe- 

dance to comply with 7.7. 
Tangent of 


. : Measuring frequency 
logs angle Not more than value given in No. 7 420Hz+-10%. 


Leakage current Not more than value given in No. 5 
Step 5 


See Table 3 


Variation of Within 11% of value in Step 1 
capacitance 

Tangent of Not more than value given in No. 7 
loss angle 
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Summary of JIS C5141/C5102 EI 


Table 1 Continued 


IV 


, £ 
Performance 34 
ote Testing method Summary of testing 
ema Sc terete (JIS C5102) method in JIS C5102 — 
: 
value given in No. 5 
Jae te a oe IMMERSION CYCLE 3 
_ .3 follow immediately ; 
voltage Within +15% of by Immersion Test per (2) cycles in (2) baths aa 
Variation 160V or value before test 9.4. Wash with water, dry | First bath clean water at ay 
ature of capaci- under at room temperature for | 65°+5°C for 15 minutes © 
and im- tance Rated | 1 to 4 hours. followed by 0°+3°C p) 
mersion voltage Within+10% of Voltage condition per saturated salt water bath & 
cycle over value before test No. 5 above. | for 15 minutes. ba | 
160V Make measurements. 8 
Tangent of loss angle Not more than < 
value given in No. 7 oe 
Appearance No notable change OH 
to be found yr) 
Not more than value givenin No.5 | to comply with 9.5. w) 
Test conducted at no load gy 
Test time, characteristics Sd 
Variation C, B and E, Grade X TEMPERATURE: 
of capaci- 500+12 h 40+2°C as 
tance Sees Grade Y, 240+8 h RELATIVE HUMIDITY © 
voltage A and W, 120+6 h © 90 to 95%. ~t 
over | After completion of test. | NO VOLTAGE SHALL ra 
voltage condition per BE APPLIED 
- - No. 5 above. Then at 
Not more than value given in No. 7 measurements to be se) 


made. 


To comply with 9.8. 

Air pressure 113+5 mbar. 
Reduced pressure i DC voltage equal to rated 

voltage to be applied for 

1 minute. 


To comply with 9.103 

Leakage current Not more than value given in No. 5 Test temperature 
maximum operating 
temperature +2°C 
Test time: characteristics 

Capacitance Not less than 85% | Notless than 80% | C BandE, 
of value before test | of value before test] Grade xX, 200+12 hours 

Grade Y, 1000+12 hours 


A and W, 500+12 hours 
Not more than Not more than Applied voltage DC 


Tangent of loss angle 175% of value 200% of value voltage equal to rated 
given in No. 7 given in No. 7 voltage to be applied 

through series protective 
resistor (about 1000) 


For Grade X, maximum 
Appearance No notable change to be found permissible ripple cur- 


rent to be passed 
through capacitor. 


Temperature °C 


Table 2 


Impedance ratio (Z /Zoo) 


Characteristics 
Charactistic B, E, AandW | Characteristic W 
( (less than 100V) | (100V to 450V) 
60 8 _ 
16 4 12 
315 to 350 (incle.) 40 8 24 
350 to 450 (incle.) 80 20 60 


Remarks 1.Z,: impedance () at the lowest operating temperature 10-15 
2. Zo: impedance () at 120°C 


3. Measuring frequency to be 120Hz+10% 


Rated voltage V 


3.15 to 6.3 (incle.) 
6.13 to 315 (incle.) 
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Ceramic Capacitors 
QUICK REFERENCE INDEX 


Ceramic Leaded Capacitors . 
Capacitance Working Voltage 
Description Range Range (VDC) 
A MonoAxial™ MULTILAYER 10 pf to up to 200VDC 
Conformal Coated Axial Leaded 1.0 pF 
G Mono-Glass™ MULTILAYER 10 pfto up to 200VDC 36 
Glass Encapsulated Axial Leaded 56 uF 
K Mono-Kap™ MULTILAYER 10 pf to up to 200VDC 142 
Radial Leaded 10 pF 
Mono-Pak™ MULTILAYER 10 pfto up to 200VDC 58 
Dual In-Line Package 33 uF 


1 
1 
General Purpose and 1.0 pf to 30VDC and 
Temperature Stable Single Plate Caps 022 uF 100VDC 


iu 
Ceramic Disc Capacitors 3 
et) 
2 
om, 


Capacitance Working Voltage 
Description Range Range 
D&S General Purpose and 1.0 pf to 50VDC to 162 
Temperature Stable Class 1,2 &3 al ele 6KVDC 
S Circuit Protection .75 pf to up to 3000VDC; 179 
GAP-KAP® 02 pF Up to 6KVDC APro 
S-UL UL / VDE / CSA 100 pf to 125VAC, 181 
AC Rated Discs 01 uF 250VAC, and 
400VAC 
U Ultra-Kap® .01 yf to 3VDC to 184 
Class IV 2.2 uF 100VDC 


RF Transmitting Capacitors 


RF Rated, Special Application 3.0 pf to 5KV, 7.5KV, 
Transmitting Capacitors .001 uF 15KV and 20KVDC 
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SERIES A 


Mono-Axial Conformal 
Coated Ceramic Capacitors 


fy. : 
ii 
rf 


DESCRIPTION 


Industry requirements for components utilized in 
automated assembly and placement equipment 
have significantly expanded application opportu- 
nities for automatic insertion of multilayer ceramic 
capacitors. These devices enable the electronic 
manufacturer and assembler to increase the 
printed circuit board density and allow use of 
both sides of the board for greater productivity. 


Class | dielectrics (COG or NPO) have a stable, 
predictable, linear change over their operating 
temperature range and typically are neither Volt- 
age nor Frequency sensitive. Class Il and Class Ill 
dielectrics (X7R and Z5U, respectively) typically 
are used for bypass and coupling applications, 
where their sensitivity to Voltage and Frequency 
may be tolerated. Their Temperature Characteris- 
tics are non-linear and may best be described 
aS a maximum tolerance envelope over a rated 
temperature range. 


MECHANICAL PARAMETERS: 


Terminal Strength: 2.2 Kg (5 Ibs) Minimum pull 
to destruction, per Method B5 of RS-198-Cll, Test 
Condition A. 

Lead Materials: #24 AWG (.020" +0.001") Tinned, 
Copper Clad Steel. 30% Conductivity. Temper: 
Soft; Tensile Strength: 65000 PSI Max. 

Body: Conformally coated Epoxy. 
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ELECTRICAL PARAMETERS: 


Capacitance: Measured @ 1Mhz @ 1.0+0.2 VRMS 
@ 25°C for COG types with C< 1000pF. Measured 
@ 1Khz @ 1.0+0.2 VRMS @ 25°C for COG types 
with C> 1000pF. Measured @ 1Khz @ 1.0VRMS + 
.2VRMS @ 25°C for X7R types. Measured @ 1Khz 
@ 0.5VRMS +.1VRMS @ 25°C for Z5U types. 
Dissipation Factor: .1% Maximum for COG types, 
2.5% Maximum for X7R types and 4.0% for Z5U 
types; Measurement conditions are the same as 
for Capacitance measurement. 

Dielectric Strength: Parts are subjected for up to 
5 seconds @ 25°C to 250% of Rated Voltage 
and will exhibit no evidence of breakdown. 
Insulation Resistance: When measured @ 25°C 
and Rated Voltage, the following Minimum Values 
will be met: 100K MegQ or 10000F (whichever is 
less) for COG and X7R types, 10K MegQ or 1000 
OF (whichever is less) for Z5U types. 

Body Insulation: 500VDC Minimum, in accord- 
ance with RS-198-CIl. 

Operating Temperature Range: —55°C to +125°C 
for COG, —55°C to +125°C for X7/Ry oo Ga 
+85°C for Zou. 


Packaging: Mono-Axial parts are supplied in tape 
and reel and form per EIA RS-296. 
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_ __CERAMIC CAPACITOR PART NUMBER SYSTEM 
Mono-Axial™ Conformal Coated Ceramic Capacitors 


A 104 M 17 Z5U F VV WN 


A Mono-AXIAL Product Line 


Cap Min. 
Value IR Code 


Tolerance Code: VV Taped & Reeled per 


in in 
J +5% (COG Only) EIA RS296D Class 1 eee Neda 
K +10% (COG and X7R) 5K Reel 17/18, 26Size 
M +20% (X7R and Z5U) 2 5K Reel 29 & 40Size < 01 100000 WA 


012 84000 WB 
015 67000 WC 
.018 56000 WD 
022 46000 WE 
027 37000 WF 

.033 31000 WG 
039 26000 WH 
047 22000 WJ 

.056 18000 WK 
.068 15000 WL 
.082 12000 WM 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 

is a multiplier as follows: 
0x1 


P +100/—0% (Z5U) 
Z +80/—20% (Z5U) 


020" Dia Tin Plated 
CCS Wire Leads 


VY Taped & Reeled per 
EIA RS296D Class 1 
1K Reel All Sizes 
020" Dia Tin Plated 
CCS Wire Leads 


1x10 

2x 100 

3 x 1000 
4 x 10000 
5 x 100000 


COG OPPM+30PPM 
from —55°C to +125°C 

X7R +15% Max Cap 

change from —55°C 


2) 
ty 
: 
=. 
C) 
4 
% 
g. 
S 
77) 


to +125°C. 100 10000 WN 

Z5U +22 to —56% Max F 50VDC 120 3400 WP 

Cap change from COG, X7R, Z5U 150 6700 WR 

Size Code: +10°C to +85°C. 180 5600 WS 
17 .170"Long, .100"Dia. H 100VDC 220 4600 WT 
18 .170"Long, .120"Dia. Note: 1 inch = 25.4 mm COG, X7R Z5U AU 3700 WU 
96 260"Long, .120"Dia. 33 3100 WW 
99 290'"Long, .150"Dia. K 200VDC e 2600 wx 

" 450"Dia. COG, X7R 
40 .400"Long, .150"Dia Ar 2200 WN 
68 1500 XB 
82 1200 


1000 
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Conformal Coated Ceramic Capacitors 


= 


Standard Tolerances: 
5% 
+10% 


COG 
X7R 


0068 uF 


[ici 
0082uF | | 


10 
12 
19 
18 


eo 


Cap. Value 


33 
3 

47 
56 
68 
82 


MONO-AXIAL RANGE CHARTS AND SIZE CODES: 


SERIES A 


Mono-Axial” 
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SERIES A 


Mono-Axial™ Conformal Coated Ceramic Capacitors 


CATALOG DIST. CAP. SIZE 
STANDARD STOCKED PARTS CAP. PART NUMBER PART NUMBER __ TOL. CODE 
OTHER PART TYPES AVAILABLE— 
CONSULT FACTORY MONOAXIAL™ 50 Volt DCW COG (NPO) 
10pf A100J17COGHVVWA A40A100J +5% AG 
15pf A150J17COGHVVWA A40A150J + 5% als 
18pf A180J17COGHVVWA A40A180J +5% 17 
22pf A220J17COGHVVWA A40A220J +5% AZ 
27pf A270J17COGHVVWA A40A270J +5% AY 2) 
33pf A330J17COGHVVWA A40A330J +5% ive Ss 
47pf A470J17COGHVVWA A40A470J +5% 17 Q) 
68pf A680J17COGHVVWA A40A680J +5% lie “ 
82pf A820J17COGHVVWA A40A820J +5% 1% — 
100pf A101J17COGFVVWA A40C101J +5% diy © 
150pf A151J17COGFVVWA A40C151J +5% 17 2) 
180pf A181J17COGFVVWA A40C181J +5% i7 2 
220pf A221J17COGFVVWA A40C221J +5% i, a 
330pf A331J17COGFVVWA A40C331J +5% Ag © 
390pf A391J17COGFVVWA A40C391J +5% 17 fe 
470pf A471J317COGFVVWA A40C471J +5% 17 g 
560pf A561J17COGFVVWA A40C561J +5% 17 7) 
680pf A681J17COGFYVWA A40C681J +5% Az. 
1000pf  A102J17COGFVVWA A40C102J +5% 17 
MONOAXIAL™ 50 Volt DCW X7R 
220pf A221K17X7RHVVWA A41A221K +10% Pee 
270pf A271K17X7RHVVWA A41A271K +10% 17 
330pf A331K17X7RHVVWA A41A331K +10% 17 
470pf A471K17X7RHVVWA A41A471K +10% 17 
680pf A681K17X7RHVVWA A41A681K +10% 17 
820pf A821K17X7RHVVWA A41A821K +10% 17 
.001 yf A102K17X7RHVVWA A41A102K +10% 7 
0012 uf =—A122K17X7RHVVWA A41A122K +10% 17 
0015 uf = A152K17X7RHVVWA A41A152K +10% 7 
0022 uf =A222K17X7RHVVWA A41A222K +10% A, 
0033 uf —.A332K17X7RFVVWA A41C332K +10% ih 
0047 uf }=.A472K17X7RFVVWA A41C472K +10% lig 
.01 uf A103K17X7RFVVWA A41C103K +10% 17 
.015 uf A153K17X7RFVVWC A41C153K +10% AZ. 
022 uf.  A223K17X7RFVVWE A41C223K +10% 17 
033 uf. A333K17X7RFVVWG A41C333K +10% 17 
047 uf. = .A473K17X7RFVVWJ A41C473K +10% 17 
056 uf  A563K17X7RFVVWK A41C563K +10% 17, 
1 uf A104K18X7RFVVWN A41C104K +10% 18 
MONOAXIAL™ 50 Volt DCW Z5U 
.01 uf A103M17Z5UFVVWA A43C103M +20% als 
.01 yf A103Z17Z5UFVVWA A43C103Z +80,-20% 17 
022 uf. =.A223M17Z5UFVVWE A43C223M +20% | itd 
033 uf  A333M17Z5UFVVWG A43C333M +20% 17 
047 uf = A473M17Z5UFVVWJ A43C473M +20% 17 
.047 uf A473Z17Z5UFVVWWJ A43C473Z +80,-20% 17 
1 uf A104M17Z5UFVVWN A43C104M +20% 17 
1 uf A104Z17Z5UFVVWN A43C104Z +80,-20% 17 
22 uf A224M18Z5UFVVWT A43C224M +20% 18 
22 uf A224Z18Z5UFVVWT A43C224Z +80,-20% 18 
.27 uf A274Z18Z5UFVVWU A43C274Z +80,-20% 18 
.33 uf A334M18Z5UFVVWW A43C334M +20% 18 
.33 uf A334Z18Z5UFVVWW A43C334Z +80,-20% 18 
47 uf A474Z40Z5UFVVWY A43C474Z +80,-20% 40 
56 uf A564M40Z5UFVVXD A43C564M +20% 40 
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SERIES G 


Mono-glass” 50VDC and 100VDC, Glass Encapsulated, 


Multilayer Capacitors 


DESCRIPTION: 


Series G Glass Encapsulated capacitors feature 
reliable hermetically sealed type, glass to metal 
construction. This durable construction prevents 
reflow of solderless internal contacts in the wave 
soldering process and prevents glass fracturing 
during lead forming. 

The Glass Encapsulated capacitors are ideally 
suited for applications in communications equip- 
ment, navigation and guidance systems, compu- 
ter business machines or where high volume, low 
price is required. 


ELECTRICAL PARAMETERS 


CAPACITANCE: 

Measured @ 1Mhz @ 1.0+0.2 VRMS @ 25°C for 
COG types with C< 1000pF. 

Measured @ 1Khz @ 1.0+0.2 VRMS @ 25°C for 
COG types with C = 1000pF. 

Measured @ 1Khz @ 1.0VRMS + .2VRMS @ 25°C 
for X7R types. 

Measured @ 1Khz @ .5VRMS +.1VRMS @ 25°C 
for Z5U and Y5V types. 
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DISSIPATION FACTOR: 

.1% Maximum for COG types, 

2.5% Maximum for X7R types and 

4.0% Maximum for Z5U and Y5V types; 
Measurements conditions are the same as for 
Capacitance measurement. 

DIELECTRIC STRENGTH: 

Parts are subjected for up to 5 seconds @ 25°C 
to: 250% of Rated Voltage 

INSULATION RESISTANCE: 

When measured @ 25°C and Rated Voltage, the 
following Minimum Values will be met: 

100 Gig © or 1000 OF (whichever is less) for 
COG and X7R types, 10 GigQ or 1000 OF (which- 
ever is less) for Z5U and Y5V types. 
ENCAPSULATION: 

Glass to Metal Seal 


OPERATING TEMPERATURE RANGE 
—55°C to +125°C for COG 

—55°C to +125°C for X7R 

=55°C to +85°C for Y5V and’ Z5U 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Mono-glass Glass Encapsulated Capacitors 


0 Se EE ee | eS 


G 102 M 17 Z5U F VV WA 


Size Code: F 50VDC ) 
17 .170" Long, .100" Dia. COG, X7R, Z5U 1") 
20 .200" Long, .100" Dia. ter a 
25 .250" Long, .100" Dia. H 100VDC 84000 
CAPACITANCE VALUE 30 .300" Long, .150" Dia. COG,X7R Z5U 67000 3 
First two digits are 40 .400" Long, .150" Dia. 56000 S 
significant, third digit K 200VDC 46000 
is a multiplier as follows: COG,X7R 37000 | 
31000 2 
26000 9 
22000 ® 
18000 ty 
5 x 100000 COG OPPM + 30PPM VV Taped & Reeled per ip S 
from —55°C to +125°C EIA RS296D Class 1 ; a | 
X7R + 15% Max Cap 5K Reel 17, 20 & 25 Size watts 7) 
change from —55°C 2.5K Reel 30 & 40 Size S 6700 
to +125°C .020" Dia. Tin Plated 5 
Z5U +22 to —56% Max CCS Wire Leads 5600 
Tolerance Code: Cap change from 4600 
J + 5% (COG Only) +10°C to +85°C ech it emer arg ‘ 3700 
K + 10% (COG and X7R) 3100 
M = 20% (X7R andZ5U) 2600 
P +100/—0% (Z50) 2200 
Z +80/—20% (Z5U) 1800 
1500 
Note: Above Numbering System is for STANDARD PRODUCT. i 1 200 


1000 
670 
460 
370 
310 
220 
180 
150 
120 
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SERIES G 


Mono-glass” 50VDC and 100VDC, Glass Encapsulated, 
Multilayer Capacitors 


CAPACITANCE RANGE PER BODY SIZE 


COG X7R Z5U 
TOL 5%, 10% TOL 10%, 20% TOL 20%, 80/20% 
SIZE VOLTAGE MIN/MAX VAL. MIN/MAX VAL. MIN/MAX VAL. 
17 50V 10/470PF 100PF/.027MFD .001/.1MFD 
x 100V 10/390PF 1OOPF/.012MFD .001/.022MFD 
20 50V 560/680PF .O33MFD .056/.1MFD 
} 100V 470PF .015MFD .027MFD 
25 50V 750/1000PF .039/.056MFD .1MFD 
100V 560/820PF .018/.022MFD .033/.047MFD 
30 50V 1200/3300PF .068/.18MFD .12/.33MFD 
: 100V 1000/2700PF .027/.082MFD .056/.15MFD 
40 50V 3900/6800PF .22/.56MFD .39/.56MFD 
100V 3300/4700PF  .1/.15MFD .18/.27MFD 

Mechanical: 

Size Maximum Length Maximum Diameter 

Code Inches Millimeters Inches Millimeters 

17 170 4,32 100 2,54 

20 200 0508 100" or 

25. 250 6,36 O08}. 25a" 
“30 3008? SF 7168 #50". TSBT 

40 400 10,17 SOs. fob! 


Note: 1 Inch = 25.4mm 


STANDARD MARKING (Minimum) 
Capacitance Value: 
10pF through 99pF: actual value in pF (2 digits 
only) 
100pF and above: coded cap. value, same as 
used in P/N 
Tolerance Code; Standard EIA Tolerance Code. 
Material Code (EIA TC CODE): A= COG, C = X7R, 
E = Z5U, Y = Y5V 
Date Code: four digit code, first two digits denote 
year, last two the week of manufacture. 
PACKAGING: 
Standard Product of Size Code 17, 20 and 25 is 
Reel-packed per EIA RS-296; 5000 pcs per reel. 
Standard Product of Size Code 30 and 40 is Reel- 
packed per EIA RS-296; 2500 pcs per reel. 


Tin Plated 
#24 AWG CCS 
.020(0,50) Dia. 


— 


Diameter 


INCH (MILLIMETER) 


INCH 


MILLIMETER 
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SERIES G 


Mono-glass” 50VDC and 100VDC, Glass Encapsulated, 


Multilayer Capacitors 


STANDARD STOCK LISTING 
DIST. CAP. SIZE 

CAP. PART NUMBER PARTNUMBER __ TOL. CODE 
50 Volt DCW COG (NPO) 

10 pf G100J17COGFVVWA C40C100J + 5% ile 
10 pf G100K17COGFVVWA C40C 100K + 10% 17 
12 pf G120J17COGFVVWA C40C120J + 5% 17 
15 pf G150J17COGFVVWA C40C150J + 5% 17 
15 pf G150K17COGFVVWA C40C150K + 10% 17 
18 pf G180J17COGFVVWA C40C180J + 5% 17 
22 pf G220J17COGFVVWA C40C220J + 5% 17 
22 pf G220K17COGFVVWA C40C220K + 10% 17 
27 pf G270J17COGFVVWA C40C270J + 5% 17 
33 pf G330J17COGFVVWA C40C330J + 5% 17 
39 pf G390J17COGFVVWA C40C390J + 5% 17 
47 pf G470J17COGFVVWA C40C470J + 5% 17 
47 pf G470K17COGFVVWA C40C470K + 10% 17 
56 pf G560J17COGFVVWA C40C560J + 5% 17 
68 pf G680J17COGFVVWA C40C680J + 5% 17 
68 pf G680K17COGFVVWA C40C680K + 10% 17 
82 pf G820J17COGFVVWA C40C820J + 5% 17 
82 pf G820K17COGFVVWA C40C820K + 10% 17 
100 pf —_ G10117COGFVVWA C40C101J + 5% 17 
100 pf __ G101K17COGFVVWA C40C101K + 10% 17 
120 pf G121J17COGFVVWA C40C121J + 5% 17 
150 pf G151J17COGFVVWA C40C151J + 5% 17 
180 pf G181J17COGFVVWA C40C181J + 5% 17 
220pf____—« G221d17COGFVVWA C40C221J + 5% 17 
220pf___— G221K17COGFVVWA C40C221K + 10% 17 
270 pf_ __—«G271J17COGFVVWA C40C271u + 5% 17 
330 pf___ G33117COGFVVWA C40C331J + 5% i 
390 pf___ G3911 7COGFVVWA C40C391J + 5% 17 
390 pf___ G391K17COGFVVWA C40C391K + 10% ia 
470 pf___G471J17COGFVVWA C40C471u + 5% 17 
470 pf___ G471K17COGFVVWA C40C471K + 10% i 
560 pf___ G@561J1 7COGFVVWA C40C561J + 5% 17 
680 pf___ G68 11 7COGFVVWA C40C681J + 5% 17 
820 pf___ G821J25COGFVVWA ~ + 5% 25 
001 uf = G102J25COGFVVWA ~ + 5% 25 
001 uf G102K25COGFVYVWA _ + 10% 25 
0012 uf _G122J30COGFVVWA - + 5% 30 
0015 uf _G152J30COGFVVWA - + 5% 30 
0018 pf _G182J30COGFVVWA C40C182J + 5% 30 
0022 uf G222J30COGFVVWA C40C222J + 5% 30 
0027 uf G272J30COGFVVWA C40C272J + 5% 30 
0027 uf _ G272K30COGFVVWA C40C272K + 10% 30 
0033 uf G332J30COGFVVWA C40C332J + 5% 30 
0033 pf _ G332K30COGFVVWA C40C332K + 10% 30 
0039 pf G392J40COGFVVWA - + 5% 40 
0047 uf _G472J40COGFVVWA - + 5% 40 
0056 pf G562J40COGFVVWA C40C562J + 5% 40 
0068 pf G682J40COGFVVWA C40C682J + 5% 40 
0068 uf _ G682K40COGFVVWA C40C682K + 10% 40 
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SERIES G 


Mono-glass” 50VDC and 100VDC, Glass Encapsulated, 


Multilayer Capacitors 


STANDARD STOCK LISTING 

DIST. CAP. SIZE 
CAP. PART NUMBER PARTNUMBER __ TOL. CODE 
50 Volt DCW X7R 
15 uf G154K30X7RFVVWR C41C154K + 10% 30 
18 uf G184K30X7RFVVWS C41C184K + 10% 30 
22 uf G224K30X7RFVVWT E + 10% 30 
50 Volt DCW Z5U 
001 uf G102M17Z5UFVVWA C43C102M + 20% ia, 
001 uf _G102Z17Z5UFVVWA C43C102Z + 80-20% 17 
0012 wf —G122M17Z5UFVVWA C43C122M + 20% 17 
0015 pf —G152M17Z5UFVVWA C43C152M + 20% 17 
0018 uf —G182M17Z5UFVVWA C43C182M + 20% 17 
0022 uf G222M17Z5UFVVWA C43C222M + 20% 17 
0027 uf —G272M17Z5UFVVWA C43C272M + 20% 17 
0033 uf —G332M17Z5UFVVWA C43C332M + 20% 17 
0039 uf _G392M17Z5UFVVWA C43C392M + 20% 17 
0047 uf —G472M17Z5UFVVWA C43C472M + 20% 17 
0056 uf —G562M17Z5UFVVWA C43C562M + 20% 17 
0068 uf —G682M17Z5UFVVWA C43C682M + 20% 17 
0082 pf —_G822M17Z5UFVVWA C43C822M + 20% 17 
01 uf G103M17Z5UFVVWA C43C103M + 20% 17 
01 uf G103Z17Z5UFVVWA C43C103Z + 80-20% 17 
012 uf _G123M17Z5UFVVWB C43C123M + 20% 17 
015 uf G153M17Z5UFVVWC C43C153M + 20% 17 
022 uf — _G223M17Z5UFVVWE C43C223M + 20% 17 
022 uf G223Z17Z5UFVVWE C43C223Z + 80-20% 17 
027 uf — _G273M17Z5UFVVWF C43C273M + 20% AZ 
033 uf _G333M17Z5UFVVWG C43C333M + 20% 17 
033 uf _ G333Z17Z5UFVVWG C43C333Z + 80-20% 17 
039 uf —_G393M17Z5UFVVWH C43C393M + 20% 4, 
047 uf —_G473M17Z5UFVVWJ C43C473M + 20% 17 
047 uf G473Z17Z5UFVVWJ C43C473Z + 80-20% 17 
056 uf —_G563M17Z5UFVVWK C43C563M + 20% 17 
068 uf —_G683M17Z5UFVVWL C43C683M + 20% 17 
068 uf —_G683Z17Z5UFVVWL C43C683Z + 80-20% 17 
082 uf G823M17Z5UFVVWM C43C823M + 20% 17 
Auf G104M17Z5UFVVWN C43C104M + 20% 17 
1 uf G104Z17Z5UFVVWN C43C104Z + 80-20% 17 
12 uf G124M30Z5UFVVWP C43C124M + 20% 30 
15 pf G154M30Z5UFVVWR C43C154M + 20% 30 
18 uf G184M30Z5UFVVWS C43C184M + 20% 30 
22 uf G224M30Z5UFVVWT C43C224M + 20% 30 
22 uf G224Z30Z5UFVVWT C43C224Z + 80-20% 30 
27 uf G274M30Z5UFVVWU C43C274M + 20% 30 
33 uf G334M30Z5UFVVWW = + 20% 30 
39 uf G394M40Z5UFVVWX = + 20% 40 
AT uf G474M40Z5UFVVWY = + 20% 40 
AT uf G474Z40Z5UFVVWY 2 + 80-20% 40 
50 Volt DCW Y5V 
0047 uf G472Z17Y5VFVVWA C42C472z +80-20% 17 
01 uf G103Z17Y5VFVVWA C42C103Z +80-20% 17 
047 uf —_G473Z17Y5VFVVWJ C42C473Z +80-20% 17 
1 uf G104Z25Y5VFVVWN C42C104Z +80-20% 25 
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CAP. PART NUMBER 

50 Volt DCW X7R 

100 pf G101K17X7RFVVWA 
100 pf G101M17X7RFVVWA 
120 pf G121K17X7RFVVWA 
150 pf G151K17X7RFVVWA 
150 pf G151M17X7RFVVWA 
180 pf G181K17X7RFVVWA 
220 pf G221K17X7RFVVWA 
220 pf G221M17X7RFVVWA 
270 pf G271K17X7RFVVWA 
330 pf G331K17X7RFVVWA 
330 pf G331M17X7RFVVWA 
390 pf G391K17X7RFVVWA 
470 pf G471K17X7RFVVWA 
470 pf G471M17X7RFVVWA 
560 pf G561K17X7RFVVWA 
680 pf G681K17X7RFVVWA 
680 pf G681M17X7RFVVWA 
820 pf G821K17X7RFVVWA 
001 yf G102K17X7RFVVWA 
.001 yf G102M17X7RFVVWA 
0012 uf =©G122K17X7RFVVWA 
0015 wf =G152K17X7RFVVWA 
0015 uf =G152M17X7RFVVWA 
0018 wf =G182K17X7RFVVWA 
0022 wf =G222K17X7RFVVWA 
0022 uf =G222M17X7RFVVWA 
0027 uf =G272K17X7RFVVWA 
0033 uf = G332K17X7RFVVWA 
0039 pf G392K17X7RFVVWA 
0047 pf =G472K17X7RFVVWA 
0047 wf —§ G472M17X7RFVVWA 
0056 wf —©G562K17X7RFVVWA 
0068 uf —G682K17X7RFVVWA 
0082 uf G822K17X7RFVVWA 
01 uf G103K17X7RFVVWA 
01 uf G103M17X7RFVVWA 
012 uf G123K17X7RFVVWB 
015 pf G153K17X7RFVVWC 
018 uf G183K17X7RFVVWD 
022 uf G223K17X7RFVVWE 
022 uf G223M17X7RFVVWE 
027 uf G273K17X7RFVVWF 
.033 yf G333K25X7RFVVWG 
.039 uf G393K25X7RFVVWH 
.039 uf G393M25X7RFVVWH 
047 uf G473K25X7RFVVWJ 
047 uf G473M25X7RFVVWJ 
.056 uf G563K25X7RFVVWK 
068 uf G683K30X7RFVVWL 
082 uf G823K30X7RFVVWM 
1 uf G104K30X7RFVVWN 
A uf G104M30X7RFVVWN 
12 uf G124K30X7RFVVWP 


SERIES G 
Mono-glass” 50VDC and 100VDC, Glass Encapsulated, 
Multilayer Capacitors 


DIST. CAP. 

PARTNUMBER __ TOL. 

C41C101K + 10% 
C41C101M + 20% 
C41C121K + 10% 
C41C151K + 10% 
C41C151M + 20% 
C41C181K + 10% 
C41C221K + 10% 
C41C221M + 20% 
C41C271K + 10% 
C41C331K + 10% 
C41C331M + 20% 
C41C391K + 10% 
C41C471K + 10% 
C41C471M + 20% 
C41C561K + 10% 
C41C681K + 10% 
C41C681M + 20% 
C41C821K + 10% 
C41C102K + 10% 
C41C102M + 20% 
C41C122K + 10% 
C41C152K + 10% 
C41C152M + 20% 
C41C182K + 10% 
C41C222K + 10% 
C41C222M + 20% 
C41C272K + 10% 
C41C332K + 10% 
C41C392K + 10% 
C41C472K + 10% 
C41C472M + 20% 
C41C562K + 10% 
C41C682K + 10% 
C41C822K + 10% 
C41C103K + 10% 
C41C103M + 20% 
C41C123K + 10% 
C41C153K + 10% 
C41C183K + 10% 
C41C223K + 10% 
C41C223M + 20% 
C41C273K + 10% 
C41C333K + 10% 
C41C393K + 10% 
C41C393M + 20% 
C41C473K + 10% 
C41C473M + 20% 
C41C563K + 10% 
C41C683K + 10% 
C41C823K + 10% 
C41C104K + 10% 
C41C104M + 20% 
C41C124K + 10% 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC, and 


200VDC Multilayer Capacitors 


DESCRIPTION: 


Series K General Purpose capacitors offer high 
Capacitance, miniature size units for general 
purpose applications. These miniature multilayer 
Capacitors feature radial leads for convenient 
printed circuit board installation and a rugged 
epoxy coating for environmental protection. 


These capacitors are ideally suited for a wide 
range of non-critical general purpose bypass, 
coupling and filtering applications. 


Series K Ultra-Stable capacitors provide maxi- 


ELECTRICAL PARAMETERS: 
CAPACITANCE: 

Measured @ 1Mhz @ 1.0+0.2 VRMS @ 25°C for 
COG types with C< 1000pF. 

Measured @ 1Khz @ 1.0+0.2 VRMS @ 25°C for 
COG types with C = 1000pF. 

Measured @ 1Khz @ 1.0VRMS + .2VRMS @ 25°C 
for X7R types. 

Measured @ 1Khz @ .5VRMS +.1VRMS @ 25°C 
for Z5U and Y5V types. 


DISSIPATION FACTOR: 


mum capacitance stability over a wide range of -1% Maximum for COG types, 


environmental conditions, applied voltages and 
frequencies. The ultra-stable COG (NPO) temper- 
ature characteristic is maintained over the com- 
plete operating temperature range of —55°C to 
Ii 20°G. 

These capacitors are ideally suited for RC network, 
pulse and RF tuned circuit applications where 
extreme stability is of paramount importance. 
Series K Temperature Stable capacitors are reli- 
able temperature stable units with a high ratio 
of capacitance per unit volume. These miniature 
size units offer a rugged epoxy coating for envi- 
ronmental protection and radial leads for conve- 
nient printed circuit board installation. 

These capacitors are designed to provide reliable 
temperature stable performance over an extremely 
wide temperature range in bypass, coupling and 
blocking operations. 
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2.5% Maximum for X7R types and 

4.0% Maximum for Z5U and Y5V types; 
Measurements conditions are the same as for 
Capacitance measurement. 

DIELECTRIC STRENGTH: 

Parts are subjected for up to 5 seconds @ 25°C 
to: 250% of Rated Voltage 

INSULATION RESISTANCE: 

When measured @ 25°C and Rated Voltage, the 
following Minimum Values will be met: 100 GigQ, 
or 1000 OF (whichever is less) for COG and X7R 
types, 10 Gig 0 or 1000 OF (whichever is less) 
for Z5U and Y5V types. 

ENCAPSULATION: 

Conformal Epoxy 

OPERATING TEMPERATURE RANGE: 

—55'C to +125" tor COG and x7 

—55°C to +-85-G for Yoveandzol 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Mono-Kap® Multilayer Capacitors 


ee cc ve 


K 104 M 20 Z5U F TT WN 


K Mono-Kap Product Line 


Size Code: 
.150"x.150"x.100' Thick 
.200"x.200"x.125'Thick 


F 50VDC 
COG, X7R, Z5U 


100000 
84000 
67000 
56000 
46000 
37000 
31000 
26000 
22000 
18000 
15000 
12000 


.300"x.300"x.150"Thick 
.400"x.400"x.150'Thick 
.500"x.500"x.200'Thick 


H 100VDC 
COG,X7R,Z5U 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 

is a multiplier as follows: 
0x1 


K 200VDC 
COG,X7R 


lexan 

2x 100 

3 x 1000 
4 x 10000 
5 x 100000 


COG OPPM + 30PPM 
from —55°C to +125°C 
X7R + 15% Max Cap 
change from —55°C 
to +125°C 
Z5U +22 to —56% Max 
Cap change from 
+10°C to +85°C 


ssoyoedeg aswie1ay GX 


Tolerance Code: 
| J + 5% (COG Only) 


K + 10% (COG and X7R) 
M + 20% (X7R and Z5U) 


P +100/—0% (Z5U) faba 
- Z +80/—20% (Z5U) TP 100"  .020" Ho-18MM Tape & Reel Outside Kink 
TR 200" 020" Ho-16MM _ Tape & Reel Outside Kink 
TT .200" .020" Ho-18MM _ Tape & Reel Straight Lead 
VA 100" .016" 1.00" Bulk Straight Lead 
VB 100" .020" 1.00" Bulk Straight Lead 
VC 200" .020" 1.00" Bulk Straight Lead 
VD 250" .020" 1.00" Bulk Straight Lead 
VE 300"  .020" 1.00" Bulk Straight Lead 
VF 375" 020" =‘ 1.00" Bulk Straight Lead 
VG 375" .025" =‘ 1.00" Bulk Straight Lead 
1 VH 400" .025" 1.00" Bulk Straight Lead 
VJ 4100"  .016" 1.00” Bulk Outside Kink 
VK 100" 020" 1.00" Bulk Outside Kink 
VL 200" 020" 1.00" Bulk Outside Kink 


Bulk Outside Kink 


Note: 1 Inch = 25.4 mm 


Note: Above Numbering System is for STANDARD PRODUCT. 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


MONO-KAP VALUES BY SIZE, VOLTAGE AND CERAMIC: 


COG TOL 5%, 10% X7R TOL 10%, 20% Z5U TOL 20%, 80/20% 
SIZE VOLTAGE MIN/MAX VAL. MIN/MAX VAL. MIN/MAX VAL. 
50V 10/470PF 100PF/.027MFD 01/.047MFD 
15 100V 10/390PF 1 0OPF/.012MFD 01/.022MFD 
200V* 10/180PF 1 00PF/2700MFD 
© 50V 560/3300PF 033/.18MFD .056/.33MFD 
Pi 20 100V 470/2700PF 012/.10MFD 027/.18MFD 
3 200V* 220/1500PF 0033/.022MFD 
—f 50V 0039/.15MFD 22/.82MED 39/1.5MFD 
.P) 30 100V .0033/.012MFD 12/.47MFD .22/.82MFD 
'?) 200V* .0018/.0068MFD 027/.12MFD 
2 50V .018/.039MFD 1.0/2.2MFD 1.8/4.7MFD 
9g 40 100V 015/.039MFD 56/1.5MED 1.0/2.7MFD 
o 200V" 0082/.022MFDF 22/.33MFD 
ay 50V 047/.082MFD 2.7/4.7MFD 5.6/10.0MFD 
me 50 100V.  ~—~«.047/.068MFD 1.8/2.2MED 3.3/5.6MFD 
% 200V* .027/.047MED 47/.68MFD 


*Contact your factory representative for further information. 


STANDARD MARKING: 

CAPACITANCE VALUE: 

10pF through 99pF: actual value in pF (plus tol- 
erance code) 


100pF and above: coded cap. value, same as 
used in P/N on the Spec. 


TOLERANCE CODE: 
Standard EIA Tolerance Code. 


VOLTAGE: 
1 = 100VDC, 2 = 200VDC, 5 = SOVDC 


MATERIAL CODE (EIA TC CODE): 
Ai COG: C= X/RiE=Z5U- = NvoV 


*Note: 15 Size marked with Coded Capacitance Value ONLY 


SIZE CHART: 

Size Code W(Max.) H (Max.) Thickness (Max.) 
15 150 BO (coo eee 
20riag MThn2ooaeatiee0o Sze dee 
S06 tein esoiure 20300) sees 

40 400 Cee: 

50 _—_—500 500 200 


Note: 1 inch = 25.4 mm 
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MONOKAP TAPE & REEL 


RADIAL TAPE AND REEL 


MECHANICAL P/N CODES: : y) 
AWG/ P/N 
Size Spacing Wire Dia Fig Code (MM) Dim. CAS 
15 5MM(.200) 24/.020 A Wy 17/19.5 H 9 
15 2.5MM(.100) 24/.020 D TP (GeH/=5 Ho ® 
20 5MM(.200) 24/.020 D TR Wea = Ho a 
20 5MM(.200) 24/.020 A alae 17/19.5 H = 
20 2.5MM(.100) 24/.020 D TP 16s-/—5 Ho S 
30 5MM(.200) 24/.020 D TR 16+/—.5 Ho 9 
30 5MM(.200) 24/.020 B VW 17/19.5 H : g 
Straight 3 
40 5MM(.200) 24/.020 Ec ial 17/19.5 H 9 
Inside Kink also available in 5mm (.200) spacing; consult factory. © 
ty 
S 
H/Ho is the dimension from the 7) 


centerline of the sprocket hole in the 
tape to the inserted seating plane 


FIG. B FIG. C FIG. D 


Straight 


Straight Outside Kink 


MONO KAP® TAPE & REEL 


Body Dimensions (Mk) LxW 11.0 x 11.0 Max 43 x .43ref 
Body Thickness it 4.0 Max .157ref 
Wire Lead Dia. d 0.5+0.06/—0.05 #24 AWG CCS 
Taping Pitch P 12.7 Ref .500ref Note: 1: Cumulative pitch tolerance over 
Feed Hole Pitch (Note 1) Po 12.7+0.3 (Note) 500ref 20 consecutive units not to 
Feed Hole Off Ali t P1/P2 Ss sh exgeed tun: 
eed Hole ignmen 3:85+0.7/6.35=+1.3 .15ref/.25ref : Dimensions meet requirements 

Lead Spacing F 5.0+0.8/—0.2 (or 2.54) .197ref (.100) defined in EIA RS468. 
Body Inclination h 0+1.0 0+.039ref : “H2” defines the useable portion 
Carrier Tape Width W 18.0+1.0/-0.5 709ret ofthe lead Md eae ie te 

F : purposes; the leads in this area 
Adhesive Tape Width Wo 13.0 Ref 01 2ref to be straight and parallel. They 
Feed Hole Ht off Alignment W1 910+0375/=0:5 .354ref shall be @ 90° +3° to the top 
Adhesive Tape Margin Ww2 3.0+3.0 .118ref edge of the carrier tape and shall 
Straight Lead Height H 17.0Min./19.5Max 67/.76ref lene leat he USCC nl Cree 
Lead Crimp Height Ho 16.0+0.5 63ref within 3° 

- Deformation, if any, shall not 
Top of Component Height H1 23.0Min/32.25Max .91/1.27ref exceed 3° 
Clean, Parallel Lead Length H2 6.0ref .236ref H2 is the straight lead portion of 
Lead End Protusion | 2.0 Max .078ref any formed wire and the “Free 
Feed Hole Diameter Do 4.0+0.3 157ref of coating” area of any non- 
; formed wire. 

Overall Tape Thickness t 0.9 Max .035ref 
Rejected Component CutHeight L 10.0Max .394ref Note: 1 Inch = 25.4 mm 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


BULK MONO-KAP MECHANICAL P/N CODES. ELECTRICAL P/N CODES FOR ALL 


Size Spacing hd Figure Chae ae PRODUCTS cab 
15 .100 .016 1 VA Value Min IR P/N Value Min!IR P/N 
15 100 020 1 vB In pF In MQ Code In uF In MQ Code 
15 200 020 2 VC >=.01 100000 WA 27 3700 WU 
p) 15 100 016 5 VJ 012 84000 WB 33 3100 Ww 
g 15 100 020 5 VK 015 67000 WC 39 2600 WX 
& 20 100 020 { VB .018 56000 WD 47 2200 WY 
3 20 .200 .020 2 VC .022 46000 WE .56 1800 XA 
Hy 20 250 020 3 VD .027 37000 WF .68 1500 XB 
o 20 300 020 2 VE 033 31000 WG 82 1200 XC 
Ss 20 375 020 @ VE .039 26000 WH 1.0 1000 XD 
8 20 375 025 n VG 047. 22000 WJ 15 670 XE 
oe 20 .100 .020 5 VK .056 18000 WK Dt 460 XF 
8 20 200 020 5 VL 068 15000 WL af 370 XG 
" 30 .200 020 1 VC 082 12000 WM 3.3 310 XH 
30 800 020 4 VE .100 10000 WN 47 220 XJ 
30 875 020 3 VF 120 8400 WP 5.6 180 XK 
30 875 025 3 VG .150 6700 WR 6.8 150 XL 
30 .200 .020 5 VL .180 5600 WS 8.2 120 XM 
40 .200 020 4 VC .220 4600 WT 10 100 XN 
40 .400 .025 1 VH 
40 .200 .020 D VL 
50 .400 025 1 VH 
50 .400 .025 5 VM 
Note: 1 Inch = 25.4mm 
Ww 


Ww 
paae o 


|. . 


Straight 1 
| Straight | | 
r 
e= { s—— t-s— 
Fig 1M = 062MAX Fig 3 Fig 4 Fig 5 SH = 


: ; (H Max + .125) Max 
For Fig 2, 3, 4, & 5, the meniscus (rundown) 


will terminate a minimum of .015" above the Seat- Fig 2, 3 & 4SH = (H Max + .100) Max 


ing Plane (as formed by the wire preform). 187.031 recommended as Leadlength below 


Standard Leadlength for Mono-Kap is 1.00"Min. Seating Plane as formed by either wire form or 
Cut lead versions available upon request. part bottom. 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING* 


NEW DIST. CAP. SIZE LEAD 
CAP __ PART NUMBER PART NUMBER __TOL. CODE SPACE 
50 Volt DCW COG (NPO) 
10 pf _ K100J15COGFVAWA __CN15C100J + 5% 15 100” 
10 pf __ K100K1SCOGFVAWA _CN15C100K + 10% 15 100” 
12pf___ K120J15COGFVAWA __CN15C120J +5% 15 100” 
12pf___ K120K15COGFVAWA _CN15C120K + 10% 15 100” 
15pf__ K150J15COGFVAWA __CN15C150J + 5% 15 100” 
15 pf K1SOK1SCOGFVAWA _CN15C150K + 10% 15 100” 
18 pf___ K180J15COGFVAWA _CN15C180J + 5% 15 100” 
18 pf __K180K1S5COGFVAWA _CN15C180K + 10% 15 100” 
22 pf __ K220J15COGFVAWA __CN15C220J +5% 15 100” 
22 pf _ K220K15COGFVAWA_CN15C220K + 10% 15 100” 
27 pf_ __ K270J1S5COGFVAWA __CN15C270J +5% 15 100” 
27 pf __ K270K15COGFVAWA_CN15C270K + 10% 15 100” 
33 pf __ K330J15COGFVAWA _CN15C330J + 5% 15 100” 
33 pf __ K330K15COGFVAWA _CN15C330K + 10% 15 100” 
39 pf _ K390J15COGFVAWA __CN15C390J +5% 15 100” 
39 pf __ K390K15COGFVAWA _CN15C390K + 10% 15 100” 
47 pf _ K470J15COGFVAWA _CN15C470J +5% 15 100” 
47 pf _ K470K15COGFVAWA _CN15C470K + 10% 15 100” 
56 pf _ K560J15COGFVAWA _CN15C560J +5% 15 100” 
56 pf __ K560K1SCOGFVAWA _CN15C560K + 10% 15 100” 
68 pf __ K680J15COGFVAWA _CN15C680J + 5% 15 100” 
68 pf __ K680K15COGFVAWA _CN15C680K + 10% 15 100” 
82 pf_ __ K820J15COGFVAWA _CN15C820J + 5% 15 100” 
82 pf __ K820K15COGFVAWA _CN15C820K + 10% 15 100” 
100 pf K101J1SCOGFVAWA CN15C101J + 5% 15 100” 
100 pf_ K101K1SCOGFVAWA CN15C101K + 10% 15 100” 
120 pf _K121J1SCOGFVAWA CN15C121J +5% 15 100” 
120 pf _K121K1SCOGFVAWA CN15C121K + 10% 15 100” 
150 pf_ _K151J1SCOGFVAWA _CN15C151J +5% 15 100” 
150 pf__K151K1SCOGFVAWA_CN15C151K + 10% 15 100” 
180 pf_ _K181J15COGFVAWA _CN15C181J +5% 15 100” 
180 pf_ _K181K1SCOGFVAWA _CN15C181K + 10% 15 100” 
220 pf _K221J15COGFVAWA__CN15C221J + 5% 15 100” 
220 pf _K221K15COGFVAWA _CN15C221K + 10% 15 100” 
270 pf_ _K271J15COGFVAWA __CN15C271J + 5% 15 100” 


*NOTE: Part Numbers in stock listing reflect bulk packaging. Change packaging code in part number for 
tape and reel packaging. 


Philips Components ° 7158 Merchant Avenue ° El Paso, TX 79915 « (915) 775-4242 ¢ FAX: (915) 775-4249 147 


° 
at 


ay 
2 
Lr) 


9 
3 
ay 
= 


: 
77) 


SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 
NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL: CODE SPACE 
50 Volt DCW COG (NPO) 
270 pf K271K15COGFVAWA CN15C271K +10% us) 100" 
2) 330 pf K331J15COGFVAWA CN15C331J +5% 15 .100" 
2g 330 pf K331K15COGFVAWA CN15C331K +10% 15 .100" 
& 390 pf K391J15COGFVAWA CN15C391J +5% Ue 100” 
3 390 pf K391K1S5COGFVAWA _ CN15C391K +10% 15 .100" 
>) 470 pf K471J15COGFVAWA CN15C471J +5% 15 .100" 
'?) 470 pf K471K15COGFVAWA CN15C471K £10% 15 .100" 
% 560 pf K561J20COGFVBWA = +5% 20 .100" 
3 560 pf K561K20COGFVBWA - +10% 20 .100" 
8 680 pf K681J20COGFVBWA CN20C681J +5% 20 .100" 
at 680 pf K681K20COGFVBWA CN20C681K +10% 20 .100" 
9 820 pf K821J20COGFVBWA CN20C821J +5% 20 100” 
“ 001 uf }=K102J20COGFVBWA CN20C102J +5% 20 .100" 
.001 uf =K1IO2K2Z0COGFVBWA CN20C102K +£10% 20 100" 
0012 uf K122K20COGFVBWA CN20C122K +10% 20 .100" 
.0015 pf K152J20COGFVBWA CN20C152J +5% 20 .100" 
.0015 pf K152K20COGFVBWA CN20C152K +10% 20 .100" 
.0018 pf K182J20COGFVBWA CN20C182J +5% 20 .100" 
.0018 pf K182K20COGFVBWA CN20C182K +10% 20 .100" 
0022 pf K222J20COGFVBWA CN20C222J +5% 20 .100” 
0022 uf K222K20COGFVBWA CN20C222K +10% 20 5100? 
0027 uf K272K20COGFVBWA CN20C272K +10% 20 .100" 
.0033 pf K332J20COGFVBWA CN20C332J +£5% 20 .100" 
.0033 pf K332K20COGFVBWA CN20C332K £10% 20 Korey 
.0039 pf K392J30COGFVCWA CN30C392J +5% 30 .200" 
.0047 uf K472J30COGFVCWA CN30C472J +5% 30 .200" 
.0047 pf K472K30COGFVCWA CN30C472K +10% 30 .200" 
.0056 pf K562K30COGFVCWA CN30C562K +10% 30 .200" 
.0068 pf K682J30COGFVCWA CN30C682J +5% 30 .200" 
.0068 pf K682K30COGFVCWA CN30C682K +10% 30 .200" 
.0082 uf K822K30COGFVCWA CN30C822K +10% 30 .200" 
01 yf K103J30COGFVCWA CN30C103J +5% 30 .200" 
01 uf K103K30COGFVCWA CN30C103K +10% 30 .200" 
015 uf K153J40COGFVCWC CN40C153J =5% 40 .200" 
022 pf K223J40COGFVCWE CN40C223J +5% 40 .200" 
100 Volt DCW COG (NPO) 
10 pf K100J15COGHVAWA CN15A100J +£5% 15 .100" 
10 pf K100K15COGHVAWA CN15A100K +10% 1S OOu 
12 pf K120J15COGHVAWA CN15A120J +5% 15 100" 
12 pf K120K15COGHVAWA CN15A120K +10% 15 100" 
15 pf K150J15COGHVAWA CN15A150J 24/0 1S 100" 
15 pf K150K15COGHVAWA CN15A150K +10% HS .100" 
18 pf K180J15COGHVAWA CN15A180J SEW) 15 .100" 
18 pf K180K15COGHVAWA CN15A180K +10% 1KS) .100" 
22 pf K220J15COGHVAWA CN15A220J +5% 15 .100" 
22 pf K220K15COGHVAWA CN15A220K +10% 15 .100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL: CODE SPACE 
100 Volt DCW COG (NPO) 
27 pf K270J15COGHVAWA  CN15A270J +5% 15 100" 
27 pf K270K15COGHVAWA + CN15A270K +10% 15 100" 
33 pf K330J15COGHVAWA CN15A330J +5% 15 .100" 
33 pf K330K15COGHVAWA CN15A330K +10% ks .100" 
39 pf K390J15COGHVAWA CN15A390J +5% 15 100" 
39 pf K390K15COGHVAWA CN15A390K +10% 15 100" 
47 pf K470J15COGHVAWA = CN15A470J =5% 15 100" 
47 pf K470K15COGHVAWA CN15A470K +10% 15 .100" 
56 pf K560J15COGHVAWA CN15A560J +5% 15 100" 
56 pf KS560K15COGHVAWA CN15A560K +10% 15 .100" 
68 pf K680J15COGHVAWA CN15A680J +5% 15 .100" 
68 pf K680K15COGHVAWA CN15A680K +10% 15 .100" 
82 pf K820J15COGHVAWA CN15A820J +5% 15 100" 
82 pf K820K15COGHVAWA CN15A820K +10% 15 100" 
100 pf K101J15COGHVAWA CN15A101J +5% 15 .100" 
100 pf K101KiSCOGHVAWA CN15A101K +10% 15 100" 
120 pf K121J15COGHVAWA CN15A121J +5% 15 .100" 
120 pf K121K1SCOGHVAWA CN15A121K +10% 15 .100" 
150 pf K151J15COGHVAWA CN15A151J +5% 15 100" 
150 pf K151K1SCOGHVAWA CN15A151K +10% 15 100" 
180 pf K181J1SCOGHVAWA CN15A181J +5% 15 100" 
180 pf K181K1SCOGHVAWA CN15A181K +10% 15 .100" 
220 pf K221J15COGHVAWA CN15A221J +5% 15 100" 
220 pf K221K1SCOGHVAWA CN15A221K +10% 15 100" 
270 pf K271J15COGHVAWA CN20A271J +5% 15 .100" 
270 pf K271K1SCOGHVAWA CN20A271K +10% 15 .100" 
330 pf K331J15SCOGHVAWA CN20A331J +5% 15 .100" 
330 pf K331K1SCOGHVAWA CN20A331K +10% 15 .100" 
390 pf K391J15COGHVAWA CN20A391J *~5% 15 100" 
390 pf K391K1SCOGHVAWA CN20A391K +10% 15 .100" 
470 pf K471J20COGHVBWA CN20A471J ==5% 20 .100" 
470 pf K471K20COGHVBWA CN20A471K +10% 20 100" 
560 pf K561J20COGHVBWA CN20A561J +5% 20 100" 
560 pf K561K20COGHVBWA CN20A561K +10% 20 .100" 
680 pf K681J20COGHVBWA CN20A681J 5% 20 .100" 
680 pf K681K20COGHVBWA CN20A681K +10% 20 100" 
820 pf K821J20COGHVBWA CN20A821J +5% 20 100" 
820 pf K821K20COGHVBWA CN20A821K +10% 20 .100" 
001 pf =K102J20COGHVBWA CN20A102J +5% 20 .100" 
001 uf }=K102K20COGHVBWA CN20A102K +10% 20 100" 
0012 pf K122J20COGHVBWA CN20A122J +5% 20 LOO" 
0015 uf K152J20COGHVBWA CN20A152J +5% 20 .100" 
.0015 uf K1IS5S2K20COGHVBWA CN20A152K +10% 20 .100" 
0018 uf K182J30COGHVCWA CN30A182J +5% 30 .200" 
0018 pf K282K30COGHVCWA CN30A182K +10% 30 .200" 
0022 uf K222J30COGHVCWA CN30A222J +5% 30 .200" 
0022 uf K222K30COGHVCWA CN30A222K +10% 30 .200" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 


200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE. WLEAD 
CAP PART NUMBER PART NUMBER TOL. CODE SPACE 
100 Volt DCW COG (NPO) 
0027 if K272J30COGHVCWA CN30A272J +5% 30 200" 
0027 yf K272K30COGHVCWA CN30A272K +10% 30 200" 
0033 uf K332J30COGHVCWA CN30A332J +5% 30 200" 
0033 uf K332K30COGHVCWA CN30A332K +10% 30 200" 
0039 pf. K392J30COGHVCWA CN30A392J +5% 30 200" 
0047 uf K472J30COGHVCWA CN30A472J +5% 30 200" 
0047 uf K472K30COGHVCWA CN30A472K +10% 30 200" 
0068 yf K682J30COGHVCWA CN30A682J +5% 30 200" 
O1uf | K103J40COGHVCWA CN40A103J +5% 40 200" 
O1uf | K103K40COGHVCWA CN40A103K +10% 40 200" 
50 Volt DCW X7R 
150 pf K151K15X7RFVAWA CW15C151K +10% 15 100" 
180 pf K181K15X7RFVAWA CW15C181K +10% 15 100" 
180 pf. K181M15X7RFVAWA CW15C181M +20% 15 100" 
220 pf K221K15X7RFVAWA CW15C221K +10% 15 100" 
270 pf K271K15X7RFVAWA CW15C271K +10% 15 100" 
270 pf. K271M15X7RFVAWA CW15C271M +20% 15 100" 
330 pf K331K15X7RFVAWA CW15C331K +10% 15 100" 
330 pf K331M15X7RFVAWA CW15C331M +20% 15 100" 
390 pf K391K15X7RFVAWA CW15C391K +10% 15 100" 
390 pf K391M15X7RFVAWA CW15C391M +20% 15 100" 
470 pf K471K15X7RFVAWA CW15C471K +10% 15 100" 
470 pf. K471M15X7RFVAWA CW15C471M +20% 15 100" 
560 pf K561K15X7RFVAWA CW15C561K +10% 15 100" 
680 pf K681K15X7RFVAWA CW15C681K +10% 15 100" 
680 pf K681M15X7RFVAWA CW15C681M +20% 15 100" 
820 pf K821K15X7RFVAWA CW15C821K +10% 15 100" 
820 pf K821M15X7RFVAWA CW15C321M +20% 15 100" 
001 uf ~=K102K15X7RFVAWA CW15C102K +10% 15 100" 
001 uf =K102K15X7RFTIWA | +10% T&R 15 200" 
001 pf ~=K102M15X7RFVAWA CW15C102M +20% 15 100" 
001 pf }=K102M15X7RFTTWA | +20% T&R 15 200" 
0012 uf K122K15X7RFVAWA CW15C122K +10% 15 100" 
0015 uf K152K15X7RFVAWA CW15C152K +10% 15 100" 
0018 uf _K182K15X7RFVAWA CW15C182K +10% 15 100" 
0022 uf K222K15X7RFVAWA CW15C222K +10% 15 100" 
0022 uf K222M15X7RFVAWA CW15C222M +20% 15 100" 
0027 uf K272K15X7RFVAWA CW15C272K +10% 15 100" 
0027 uf K272M15X7RFVAWA CW15C272M +20% 15 100" 
0033 uf K332K15X7RFVAWA CW15C332K +10% 15 100" 
0033 uf K332M15X7RFVAWA CW15C332M +20% 15 100" 
0039 uf K392K15X7RFVAWA CW15C392K +10% 15 100" 
0047 uf K472K15X7RFVAWA CW15C472K +10% 15 100" 
0047 uf K472M15X7RFVAWA CW15C472M +20% 15 100" 
0056 uf K562K15X7RFVAWA CW15C562K +10% 15 100" 
0056 if K562M15X7RFVAWA CW15C562M +20% 15 100" 
0068 uf K682K15X7RFVAWA CW15C682K +10% 15 100" 
0068 pf K682M15X7RFVAWA CW15C682M +20% 15 100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW X7R 
0082 wf K822K15X7RFVAWA CW15C822K +10% 1S .100" 
0082 wf K822M15X7RFVAWA CW15C822M +20% 15 .100" 
01 yf K103K15X7RFVAWA CW15C103K +10% hs 100" 
01 uf K103K15X7RFVCWA CW20C103K244 +10% 15 .200" 
01 uf K103K15X7RFTTWA _- +10% T&R 15 .200" 
01 yf K103M15X7RFVAWA CW15C103M +20% 15 100" 
01 yf K103M15X7RFVCWA CW20C103M244 +20% 15 .200" 
01 uf K103M15X7RFTTWA — +10% T&R 15 .200" 
015 uf }=K153K15X7RFVAWC CW15C153K +10% 15 mele 
015 pf }=K153M15X7RFVAWC CW15C153M +20% HD .100" 
018 uf = K183K15X7RFVBWD CW20C183K +10% 15 .100" 
018 wf =K183M15X7RFVBWD CW20C183M +20% 15 .100" 
022 wf K223K15X7RFVBWE CW20C223K +10% 15 .100" 
022 uf K223K15X7RFVCWE CW20C223K244 +10% 15 .200" = 
022 uf }=K223K15X7RFTTWE - +10% T&R 15 .200" 
022 wf K223M15X7RFVBWE CW20C223M +20% 15 .100" 
022 wf = K223M15X7RFVCWE CW20C223M244 +20% 15 .200" 
022 uf =K823M15X7RFTTWE — +10% T&R 15 .200" 
027 wf §=K273K15X7RFVBWF CW20C273K +10% 15 100" 
033 uf K333K20X7RFVBWG CW20C333K +10% 20 .100" 
033 pf K333M20X7RFVBWG CW20C333M +20% 20 .100" 
039 pf =K393K20X7RFVBWH CW20C393K +10% 20 100" 
047 uf }=K473K20X7RFVBWJ CW20C473K +10% 20 .100" 
047 pf ~=K473K20X7RFVCWJ CW20C473K244 +10% 20 .200" 
047 pf }=K473K20X7RFTTWJ - +10% T&R 20 .200" 
047 wf =K473M20X7RFVBWJ CW20C473M +20% 20 .100" 
047 pf }=K473M20X7RFVCWJ CW20C473M244 +20% 20 .200" 
047 wf =K473M20X7RFTTWJ - +20% T&R 20 .200" 
056 pf =K563K20X7RFVBWK CW20C563K +10% 20 .100" 
056 uf =KS563M20X7RFVBWK CW20C563M +20% 20 .100" 
068 uf K683K20X7RFVBWL CW20C683K +10% 20 .100" 
068 pf K683M20X7RFVBWL CW20C683M +20% 20 .100" 
082 uf K823K20X7RFVBWM CW20C823K +10% 20 100" 
10 uf K104K20X7RFVBWN CW20C104K +10% 20 100" 
10 uf K104K20X7RFVCWN CW20C104K244 +10% 20 .200" 
10 uf K104K20X7RFTTWN - +10% T&R 20 .200" 
10 uf K104K20X7RFVCWN CW30C104K +10% 20 200" 
10 uf K104M20X7RFVBWN CW20C104M +20% 20 .100" 
10 uf K104M20X7RFVCWN CW20C104M244 +20% 20 .200" 
10 uf K104M20X7RFTTWN = +20% T&R 20 .200" 
10 uf K104M20X7RFVCWN CW30C104M +20% 20 .200" 
12 uf K124K20X7RFVCWP CW30C124K +10% 20 .200" 
lieava K124M20X7RFVCWP CW30C124M +20% 20 .200" 
15 yf K154K30X7RFVCWR CW30C154K +10% 30 .200" 
15 uf K154M30X7RFVCWR CW30C154M +20% 30 .200" 
18 uf K184K30X7RFVCWS CW30C184K +10% 30 .200" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 
NEW DIST. CAP. SIZE LEAD 
CAP PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW X7R 
18 pf K184M30X7RFVCWS CW30C184M +20% 30 .200" 
22 uf K224K30X7RFVCWT CW30C224K £10% 30 .200" 
© 22 jf K224M30X7RFVCWT CW30C224M +20% 30 .200" 
pa PATE ii K274K30X7RFVCWU CW30C274K +10% 30 .200" 
5 27 pf K274M30X7RFVCWU CW30C274M +20% 30 .200" 
=, 33 uf K334K30X7RFVCWW CW30C334K +10% 30 .200" 
LF) 33 pf K334M30X7RFVCWW CW30C334M +20% 30 .200" 
'?) 39 uf K394K30X7RFVCWX CW40C394K +10% 30 .200" 
2 47 uf K474K30X7RFVCWY CW40C474K +10% 30 .200" 
gy 47 uf K474M30X7RFVCWY CW40C474M +20% 30 .200" 
© 56 uf K564M40X7RFVCXA CW40C564M +20% 40 .200" 
= .68 pf K684K40X7RFVCXB CW40C684K +10% 40 .200" 
g 82 yf K824M40X7RFVHXC CW50C824M +20% 40 .400" 
“ 1.0 uf K105K40X7RFVHXD CW50C105K +10% 40 400” 
1.0 uf K105M40X7RFVHXD CW50C105M +20% 40 .400" 
100 Volt DCW X7R 
150 pf K151K15X7RHVAWA CW15A151K £10% 15 100" 
150 pf K151M15X7RHVAWA CW15A151M +20% 15 .100" 
180 pf K181K15X7RHVAWA CW15A181K +10% 15 .100" 
220 pf K221K15X7RHVAWA CW15A221K +10% is .100" 
220 pf K221M15X7RHVAWA CW15A221M +20% 1) .100" 
270 pf K271K15X7RHVAWA CW15A271K +10% 15 .100" 
330 pf K3831K15X7RHVAWA CW15A331K +10% 15 .100" 
330 pf K331M15X7RHVAWA CW15A331M +20% 15 .100" 
390 pf K3891K15X7RHVAWA CW15A391K +10% iff .100" 
390 pf K391M15X7RHVAWA CW15A391M +20% 15 .100" 
470 pf K471K15X7RHVAWA CW15A471K +10% 15 .100" 
470 pf K471M15X7RHVAWA CW15A471M +20% 15 LOO 
560 pf K561K15X7RHVAWA CW15A561K +10% its) .100" 
560 pf K561M15X7RHVAWA CW15A561M +20% 16) .100" 
680 pf K681K15X7RHVAWA CW15A681K +10% 1S) OO 
820 pf K821K15X7RHVAWA CW15A821K +10% 15 100" 
.001 uf =K1I02K15X7RHVAWA CW15A102K +10% whe .100" 
.001 uf K102M15X7RHVAWA CW15A102M +20% its) .100" 
.0012 uf K122K15X7RHVAWA CW15A122K +£10% 15 .100" 
0012 pf K122M15X7RHVAWA CW15A122M +20% 15 .100" 
.0015 uf K152K15X7RHVAWA CW15A152K +10% 15 -100" 
.0018 uf K182K15X7RHVAWA CW15A182K +10% 15 .100" 
0022 uf K222K15X7RHVAWA CW15A222K +10% 15 .100" 
.0022 uf K222M15X7RHVAWA CW15A222M +20% 15 .100" 
.0027 uf K272K15X7RHVAWA CW15A272K +10% io .100" 
.0033 uf K332K15X7RHVAWA CW15A332K £10% US) .100" 
.0033 uf K332M15X7RHVAWA CW15A332M +20% fi .100" 
.0039 uf K392K15X7RHVAWA CW15A392K +10% 15 .100" 
.0047 uf K472K15X7RHVAWA CW15A472K £10% is) .100" 
.0047 uf K472M15X7RHVAWA CW15A472M +20% 15 .100" 
.0056 uf K562K15X7RHVAWA CW15A562K +10% is) .100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
100 Volt DCW X7R 
0068 pf K682K15X7RHVBWA CW20A682K +10% ie 100" 
.0068 uf K682M15X7RHVBWA CW20A682M +20% 15 100" 
0082 pf K822K15X7RHVBWA CW20A822K +10% 15 100" 
.01 pf K103K15X7RHVBWA CW20A103K +10% 15 100" 
01 uf K103K15X7RHVCWA CW20A103K244 +10% 15 .200" 
01 uf K103M15X7RHVBWA CW20A103M +20% 15 100" 
01 uf K103M15X7RHVCWA CW20A103M244 +20% 15 .200" 
012 uf K123K15X7RHVBWB CW20A123K +10% ts) LOO! 
015 pf = K1I53K20X7RHVBWC CW20A153K +10% 20 .100" 
015 pf =K153M20X7RHVBWC CW20A153M +20% 20 100" 
018 pf K183K20X7RHVBWD CW20A183K +10% 20 .100" 
022 uf = K223K20X7RHVBWE CW20A223K +10% 20 100" 
022 uf K223K20X7RHVCWE CW20A223K244 +10% 20 .200" :- 
022 uf K223M20X7RHVBWE CW20A223M +20% 20 .100" 
022 uf K223M20X7RHVCWE CW20A223M244 +20% 20 .200" 
027 uf =K273K20X7RHVBWF CW20A273K +10% 20 100" 
027 uf }=K273M20X7RHVBWF CW20A273M +20% 20 100" 
033 pf K333K20X7RHVCWG CW30A333K +10% 20 .200" 
033 uf K333M20X7RHVCWG CW30A333M +20% 20 .200" 
039 pf =K393M20X7RHVCWH CW30A393M +20% 20 .200" 
047 uf }=K473K20X7RHVCWJ CW20A473K244 +10% 20 .200" 
047 uf =K473M20X7RHVCWJ CW20A473M244 +20% 20 .200" 
056 uf =K563K20X7RHVCWK CWS30A563K +10% 20 .200" 
068 uf + K683K20X7RHVCWL CW30A683K +10% 20 .200" 
068 uf K683M20X7RHVCWL CW30A683M +20% 20 .200" 
082 uf K823M20X7RHVCWM CW30A823M +20% 20 .200" 
10 uf K104K20X7RHVCWN CW30A104K +10% 20 .200" 
10 uf K104K20X7RHTTWN _ +10% T&R 20 .200" 
10 uf K104M20X7RHVCWN CW30A104M +20% 20 .200" 
12 uf K124K30X7RHVCWP CW30A124K +10% 30 200" 
12 uf K124M30X7RHVCWP CW30A124M +20% 30 .200" 
22 uf K224K30X7RHVCWT CW40A224K +10% 30 .200" 
22 uf K224M30X7RHVCWT CW40A224M +20% 30 .200" 
33 jf K334K30X7RHVCWW CW40A334K +10% 30 200" 
39 yf K394K50X7RHVHWX CW50A394K +10% 50 400" 
47 uf K474K50X7RHVHWY CW50A474K +10% 50 400" 
47 uf K474M50X7RHVHWY CW50A474M +20% 50 .400" 
56 uf K564KS50X7RHVHXA CW5O0A564K +10% 50 400" 
56 yf K564MS50X7RHVHXA CW50A564M +20% 50 400" 
50 Volt DCW Y5V 
270 pf = K271Z15Y5SVFVAWA = CY15C271Z +80-20% 15 .100" 
330 pf K331Z15Y5VFVAWA CY15C331Z +80-20% 15 OO, 
390 pf K391Z15Y5VFVAWA CY15C391Z +80-20% 15 .100" 
680 pf K681Z15Y5VFVAWA CY15C681Z +80-20% 15 100" 
001 pf KIO2M1I5YSVFVAWA CY15C102M +20% 15 .100" 
0015 pf K152Z15Y5VFVAWA CY15C152Z +80-20% 15 .100" 
0018 pf K182Z15Y5VFVAWA CY15C182Z +80-20% 15 100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 
NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW Y5V 
.0022 uf K222M15Y5VFVAWA CY15C222M +20% 15 .100" 
0027 uf K272Z15Y5VFVAWA CY15C272Z +80-20% 15 .100" 
S .0033 uf K332M15Y5VFVAWA CY15C332M +20% 15 .100" 
1) .0039 uf K392Z15Y5VFVAWA CY15C392Z +80-20% 15 100" 
a .0047 uf K472M15Y5VFVAWA CY15C472M +20% 15 .100" 
a .0056 uf K562Z15YS5VFVAWA CY15C562Z +80-20% 15 .100" 
S .0068 uf K682M15Y5VFVAWA CY15C682M +20% 15 100" 
01 pf K103M15Y5VFVAWA CY15C103M +20% Ute) 100” 
9 01 pf K103M15Y5VFVCWA CY20C103M244 +20% Ue .200" 
3 .01 uf K103P15Y5VFVAWA  CY15C103P GMV 15 .100" 
S 01 pf K103Z15Y5VFVAWA CY15C103Z +80-20% 15 .100" 
~t 01 uf K103Z15Y5VFVCWA CY20C103Z244 +80-20% 15 .200" 
8 015 uf K153Z15Y5VFVAWC CY15C153Z +80-20% Ko, -100" 
eo 022 uf K223M15Y5VFVAWE CY15C223M +20% 15 .100" 
022 uf K223Z15Y5VFVAWE CY15C223Z +80-20% 15 .100" 
022 uf =K223Z15Y5VFVCWE CY20C223Z244 +80-20% 15 .200" 
047 uf }=K473M20Y5VFVCWJ CY20C473M244 +20% 20 .200" 
056 uf K563Z20Y5VFVBWK CY15C563Z +80-20% 20 .100" 
10 uf K104M20Y5VFVBWN CY20C104M +20% 20 .100" 
10 uf K104M20Y5VFVCWN CY20C104M244 +20% 20 .200" 
10 uf K104P20Y5VFVBWN CY20C104P GMV 20 .100" 
SON K104Z20Y5VFVBWN CY20C104Z +80-20% 20 .100" 
10 uf K104Z20Y5VFVCWN CY20C1042Z244 +80-20% 20 .200" 
12 pf K124Z20Y5VFVBWP CY20C124Z +80-20% 20 .100" 
15 uf K154M20Y5VFVBWR CY20C154M +20% 20 .100" 
22 pf K224M20Y5VFVBWT CY20C224M +20% 20 .100" 
22 uf K224Z20Y5VFVCWT CY20C224Z244 +80-20% 20 .200" 
.27 uf K274Z30Y5VFVCWU _ +80-20% 30 .200" 
47 yf K474Z30Y5VFVCWY _ +80-20% 30 .200" 
68 uf K684M30Y5VFVCXB CY30C684M +20% 30 .200" 
1.0 uf K1O5M30Y5VFVCXD CY30C105M +20% 30 .200" 
1.0 uf K105P30Y5VFVCXD CY30C105P GMV 30 200" 
1.0 uf K105Z30Y5VFVCXD CY30C105Z +80-20% 30 .200" 
100 Volt DCW Y5V 
330 pf K331Z15Y5VHVAWA CY15A331Z +80-20% 15 100" 
390 pf K3891Z15Y5VHVAWA CY15A391Z +80-20% We, 100" 
470 pf K471Z15Y5VHVAWA CY15A471Z +80-20% 15 .100" 
560 pf K561Z15Y5VHVAWA CY15A561Z +80-20% 15 .100" 
680 pf K681Z15Y5VHVAWA CY15A681Z +80-20% 15 .100" 
.001 uf = K102Z15Y5VHVAWA CY15A102Z +80-20% 16 .100" 
0012 uf K122Z15Y5VHVAWA CY15C122Z +80-20% 15 .100" 
.0015 uf K152Z15Y5VHVAWA CY15A152Z +80-20% 15 .100" 
.0018 uf K182Z15Y5VHVAWA CY15A182Z +80-20% Us) .100" 
.0039 uf K392Z15Y5VHVAWA CY15A392Z +80-20% 15 .100" 
.0047 uf K472Z15Y5VHVAWA CY15A472Z +80-20% 15 .100" 
.0056 uf K562Z15Y5VHVAWA CY15A562Z +80-20% Us) .100" 
.0068 pf K682Z15Y5VHVAWA CY15A682Z +80-20% 15 .100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP _—_—- PART NUMBER PARTNUMBER TOL. CODE SPACE 
100 Volt DCW Y5V 
O1uf K103M15Y5VHVAWA CY15A103M +20% 15 100" 
01 uf K103M15Y5VHVCWA CY20A103M244 -+20% 15 200" 
O1uf | K103P15YSVHVAWA CY15A103P GMV 15 100" 
O1uf  K103Z15Y5VHVAWA CY15A103Z +80-20% 15 100" 
01 uf K103Z15Y5VHVCWA CY20A103Z244 + 80-20% 15 200" 
012 pf K123Z15Y5VHVAWB CY15A123Z +80-20% 15 100" 
015 uf K153Z15Y5VHVAWC CY15A153Z +80-20% 15 100" 
022 uf K223M15Y5VHVCWE CY20A223M244 +20% 15 200" 
022 pf K223Z15YSVHVCWE CY20A223Z244 + 80-20% 15 200" 
027 pf K273Z20YSVHVBWF CY15A273Z +80-20% 20 100" 
047 uf. ~=K473M20Y5VHVBWJ CY20A473M +20% 20 100" 
10 uf  K104M20Y5VHVBWN CY20A104M +20% 20 100" 
10 uf  K104M20Y5VHVCWN CY20A104M244.  +20% 20 200" 
10 uf | K104P20Y5VHVBWN CY20A104P GMV 20 100" 
10 uf  K104Z20Y5VHVBWN CY20A104Z +80-20% 20 100" 
10 pf — K104Z20YSVHVCWN  CY20A104Z244 + 80-20% 20 200" 
15 uf K154Z20YSVHVBWR CY20A154Z +80-20% 20 100" 
22f K224Z30Y5VHVCWI Ss — +80-20% 30 200" 
27 uf | K274Z30Y5VHVCWU CY30A274Z +80-20% 30 200" 
33 uf K334M30Y5VHVCWW CY30A334M +20% 30 200" 
47 uf K474M30Y5VHVCWW CY30A474M +20% 30 200" 
A7 uf — K474Z30Y5VHVCWW_ CY30A474Z +80-20% 30 200" 
50 Volt DCW Z5U 
001 pf ~=K102M15Z5UFVAWA CZ15C102M +20% 15 100" 
0015 pf K152M15Z5UFVAWA CZ15C152M +20% 15 100" 
0018 yf K182Z15Z5UFVAWA CZ15C1822 +80-20% 15 100" 
0022 pf K222M15Z5UFVAWA CZ15C222M +20% 15 100" 
0033 pf K332Z15Z5UFVAWA CZ15C332Z +80-20% 15 100" 
0039 pf K392M15Z5UFVAWA CZ15C392M +20% 15 100" 
0047 uf K472Z15Z5UFVAWA CZ15C472Z +80-20% 15 100" 
0068 uf K682M15Z5UFVAWA CZ15C682M +20% 15 100" 
0068 uf K682Z15Z5UFVAWA CZ15C682Z +80-20% 15 100" 
0082 uf K822M15Z5UFVAWA CZ15C822M +20% 15 100" 
01 uf | K103M15Z5UFVAWA CZ15C103M +20% 15 100" 
01 uf © K103M15Z5UFVCWA CZ20C103M244 — +20% 15 200" 
O1uf  K103M15Z5UFTTWA — +20% T&R 15 200" 
01 uf  K103Z15Z5UFVAWA CZ15C103Z +80-20% 15 100" 
01 uf | K103Z15Z5UFVCWA CZ20C103Z244 —- + 80-20% 15 200" 
O1uf | K103Z15Z5UFTTWA = +80-20% T&R 15 200" 
012, K123M15Z5UFVAWB CZ15C123M +20% 15 100" 
O12 uf K123Z15Z5UFVAWB CZ15C123Z +80-20% 15 100" 
018 uf K183M15Z5UFVAWD CZ15C183M +20% 15 100" 
022 pf K223M15Z5UFVAWE CZ15C223M +20% 15 100" 
022 uf K223M15Z5UFVCWE CZ20C223M244 = +20% 15 200" 
022 uf K223Z15Z5UFVAWE CZ15C223Z +80-20% 15 100" 
022 pf K223Z15Z5UFVCWE CZ20C223Z244 — +80-20% 15 200" 
027 pf ~=K273M15Z5UFVAWF CZ15C273M +20% 15 100" 
033 pf K333M15Z5UFVAWG CZ15C333M +20% 15 100" 
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SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 


200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
50 Volt DCW Z5U 
033 uf K333Z15Z5UFVAWG  CZ15C333Z +80-20% 15 .100" 
047 wf =K473M20Z5UFVBWJ CZ20C473M +20% 20 .100" 
047 uf = K473M20Z5UFVCWJ CZ20C473M244 +20% 20 .200" 
047 uf }=K473Z20Z5UFVBWJ CZ20C473Z +80-20% 20 .100" 
047 uf = K473Z20Z5UFVCWJ = CZ20C473Z244 +80-20% 20 .200" 
068 pf K6E83M20Z5UFVBWL CZ20C683M +20% 20 .100" 
068 uf K683Z20Z5UFVBWL CZ20C683Z +80-20% 20 100" 
10 uf K104M20Z5UFVBWN CZ20C104M +20% 20 100" 
10 uf K104M20Z5UFVCWN CZ20C104M244 +20% 20 .200" 
10 uf K104M20Z5UFTTWN — +20% T&R 20 .200" 
10 uf K104Z20Z5UFVBWN CZ20C104Z +80-20% 20 100" 
10 uf K104Z20Z5UFVCWN CZ20C1042Z244 +80-20% 20 .200" 
10 uf K104Z20Z5UFT TWN - +80-20% T&R 20 .200" 
12 uf K124M20Z5UFVBWP CZ20C124M +20% 20 100" 
15 uf K154M20Z5UFVBWR CZ20C154M +20% 20 100" 
“15 yf K154Z20Z5UFVBWR CZ20C154Z +80-20% 20 .100" 
18 uf K184M20Z5UFVBWS CZ20C184M +20% 20 .100" 
ees K224M20Z5UFVBWT CZ20C224M +20% 20 .100" 
22 yf K224M20Z5UFVCWT = CZ20C224M244 = =+20% 20 .200" 
22 uf K224M20Z5UFTTWT - +20% T&R 20 .200" 
22 pf K224Z20Z5UFVBWT CZ20C224Z +80-20% 20 .100" 
22 uf K224Z20Z5UFVCWT 3 CZ20C224Z2244 +80-20% 20 .200" 
33 pf K334M20Z5UFVCWW CZ30C334M +20% 20 .200" 
7 uf K474M30Z5UFVCWY CZ30C474M +20% 30 .200" 
47 yf K474M30Z5UFTTWY —- TF, +20% T&R 30 .200" 
47 uf K474Z30Z5UFVCWY CZ30C474Z +80-20% 30 .200" 
.68 yf K684M30Z5UFVCXB CZ30C684M +20% 30 .200" 
82 uf K824M30Z5UFVCXC CZ30C824M +20% 30 .200" 
1.0 uf K105M30Z5UFVCXD CZ30C105M +20% 30 200" 
1.0 uf K105M30Z5UFTTXD _ +20% T&R 30 .200" 
1.0 uf K105Z30Z5UFVCXD CZ30C105Z +80-20% 30 .200" 
Iovet K155M40Z5UFVCXE CZ40C155M +20% 40 .200" 
1.8 yf K185M40Z5UFVCXF CZ40C185M +20% 40 .200" 
2.2 uf K225M40Z5UFVCXF CZ40C225M +20% 40 .200" 
2.2 yf K225Z40Z5UFVCXF CZ40C225Z +80-20% 40 .200" 
3.3 uf K335MS50Z5UFVHXH CZ50C335M +20% 50 .400" 
4.7 uf K475MS50Z5UFVHXJ CZ50C475M +20% 50 400" 
4.7 uf K475Z50Z5UFVHXJ = CZ50C475Z +80-20% 50 400" 
100 Volt DCW Z5U 
001 pf =K102M15Z5UHVAWA CZ15A102M +20% 15 100" 
001 uf K102Z15Z5UHVAWA = CZ15A102Z +80-20% 15 100" 
0022 uf K222M15Z5SUHVAWA CZ15A222M +20% ie .100" 
.0033 uf K332Z15Z5UHVAWA CZ15A332M +80-20% 15 .100" 
0039 pf K392M15Z5UHVAWA CZ15A392M +20% ils: .100" 
0047 pf K472M15Z5UHVAWA CZ15A472M +20% iS .100" 
0047 pf K472Z15Z5UHVAWA CZ15A472Z +80-20% 15 .100" 
0082 pf K822M15Z5UHVAWA CZ15A822M +20% als) .100" 

156 


Philips Components ° 7158 Merchant Avenue ¢ El Paso, TX 79915 ° (915) 775-4242 - FAX: (915) 775-4249 


SERIES K 


Mono-Kap® COG, X7R, Y5V and Z5U, 50VDC, 100VDC and 
200VDC, Multilayer Capacitors 


STANDARD STOCK LISTING 

NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACE 
.01 uf K103M15Z5UHVAWA CZ15A103M +20% 15 100" 
01 uf K103M15Z5UHVCWA CZ20A103M244 +20% 15 .200" 2 
.01 uf K103Z15Z5UHVAWA  CZ15A103Z +80-20% 15 100" 1) 
01 uf K103Z15Z5UHVCWA CZ20A103Z244 +80-20% 15 .200" a 
012 uf }=K123M15Z5UHVAWB CZ15A123M +20% 15 .100" > 
022 uf K223M20Z5UHVBWE CZ20A223M +20% 20 .200" i 
022 uf = K223M20Z5UHVCWE CZ20A223ZM244 +20% 20 .200" © 
022 uf =K223Z20Z5UHVCWE CZ20A223Z244 +80-20% 20 .200" ) 
033 uf = K333M20Z5UHVBWG CZ20A333M +20% 20 .100" 2 
.039 uf = K393M20Z5UHVBWH CZ20A393M +20% 20 .100" bef) 
047 uf }=K473M20Z5UHVBWJ CZ20A473M +20% 20 .100" Qo. 
047 pf }=K473M20Z5UHVCWJ CZ20A473M244 = +20% 20 .200" 5 
068 uf + K683M20Z5UHVBWL CZ20A683M +20% 20 .100" ~ 
10 pf K104M20Z5UHVBWN CZ20A104M +20% 20 .100" “ 
10 uf K104M20Z5UHVCWN CZ20A104M244 = +20% 20 .200" 
10 uf K104Z20Z5UHVBWN CZ20A104Z +80-20% 20 .100" 
10 uf K104Z20Z5UHVCWN CZ20A1042244 +80-20% 20 .200" 
12 uf K124M20Z5UHVBWP CZ20A124M +20% 20 100" 
15 pt K154M20Z5UHVCWR CZ20A154M +20% 30 .200" 
22 uf K224M30Z5UHVCWT CZ30A224M +20% 30 .200" 
33 pf K334M30Z5UHVCWW CZ30A334M +20% 30 .200" 
A7 uf K474M30Z5UHVCWY CZ30A474M +20% 30 .200" 
47 uf K474Z30Z5UHVCWY CZ30A474Z +80-20% 30 .200" 
1.0 uf K105M40Z5UHVCXD CZ40A105M +20% 40 .200" 
2.2 uf K225MS50Z5UHVHXF CZ50A225M +20% 50 400" 


Consult factory representative for other values. 
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SERIES P 


Mono-Pak’ Dual In-Line Ceramic Multilayer Capacitors 


DESCRIPTION: 


Two pin, dual In-Line capacitors feature a .165 
maximum inserted height, compatible with IC’s 
and other DIP’s. The units are packed for auto- 
matic insertion. 


ELECTRICAL PARAMETERS: 


CAPACITANCE: 

Measured @ 1MHz @ 1.0+0.2VRMS @ 25°C for 
COG types with C < 1000pF. 

Measured @ 1KHz @ 1.0+0.2VRMS @ 25°C for 
COG types with C>1000pF. 


Measured @ 1Khz @ 1.0VRMS + .2VRMS @ 25°C 
for X7R types. 

Measured @ 1Khz @ .5VRMS + .1VRMS @ 25°C 
for Z5U types. 

DISSIPATION FACTOR: 

.1% Maximum for COG types, 

2.5% Maximum for X7R types and 

4.0% Maximum for Z5U types; 

Measurements conditions are the same as for 
Capacitance measurement. 

DIELECTRIC STRENGTH: 

Parts are subjected for up to 5 seconds @ 25°C 
to: 250% of Rated Voltage 
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INSULATION RESISTANCE: 

When measured @ 25°C and Rated Voltage, the 
following Minimum Values will be met: 100 Gig 0 
or 1000 © F (whichever is less) for COG and 
X7R types, 10 Gig O or 1000 0 F (whichever is 
less) for Z5U types. 

OPERATING TEMPERATURE RANGE 

—55°C to +125°C for COG and X7R 

—55°C to +85°C for Z5U 


ENCAPSULATION: 
Molded Epoxy 
DIMENSIONS: 
a 
| | (6.604013) 
en Ge ET fr | wt 28 
Aion 330 + 0.00 


= 015 


010 REF 


005 (0.13) MIN 
; 95° TYP 
i hoe 4 
(4.1 


870 MAX 
(22.10) 


(0.25) 
PLUS PLATING 


INCH (MILLIMETER) 


| INCH 
| (MILLIMETER) 


Voy 8 
yr 


1 Inch = 25.4mm 


100+.005 
(2540.13 
TYPICAL—NON CUMULATIVE 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Mono-Pak® Dual In-Line Multilayer Capacitors 


P 102 M 26 Z5U F VP WA 


P Mono-Pak Product Line 


26 .260" +.020 Long VP Magazine Pack, 
.093/.098”" Wide 200/Magazine 
.135" Max Height 25 Magazines/Box 


Inserts on we 100000 
300" Centers 012 84000 WB 
015 67000 WC 
018 56000 WD 
022 46000 WE 
027 37000 WF 
F 50VDC 033 31000 WG 

COG, X7R, Z5U 039.  +26000 WH 
H 100VDC 047 += 22000 «WJ 


COG, X7R, Z5U . 18000 
K 200VDC 
COG, X7R 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 


is a multiplier as follows: 
te hi COG OPPM =-30PPM 


1x10 from —55°C to +125°C 


2x 100 X7R +15% Max Cap 
3 x 1000 change from —55°C 


4 x 10000 toe== 125°C P 
5 x 100000 Z5U +22 to —56% Max 


Cap change from 
Be 100000 +10°C to +85°C. 


s4opiszedey) 21esi3ay) 


Note: 1 inch = 25.4 mm 


Tolerance Code: 


J + 5% (COG Only) 
K + 10% (COG and X7R) 


M + 20% (X7R and Z5U) 
P +100/—0% (Z5U) 
Z +80/—20% (Z5U) 
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SERIES P 


Mono-Pak’ Dual In-Line Ceramic Multilayer Capacitors 


STANDARD STOCK LISTING 
NEW DIST. CAP. SIZE LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE SPACING 
50 Volt DCW COG (NPO) 
10 pf | P100K26COGFVPWA CN80C100KM +10 26 300" 
22 pf  P220K26COGFVPWA CN80C220KM +10 26 300" 
33 pf  P330K26COGFVPWA CN80C330KM +10 26 300" 
© 47 pf | _P470K26COGFVPWA CN80C470KM +10 26 300" 
ba 56 pf  P560K26COGFVPWA CN80C560KM +10 26 300" 
5 68 pf  P680K26COGFVPWA CN80C680KM +10 26 300" 
=e 82 pf  _P820K26COGFVPWA CN80C820KM +10 26 300" 
Q 100 pf P101K26COGFVPWA CN80C101KM +10 26 300" 
>) 150 pf P151K26COGFVPWA CN80C151KM +10 26 300" 
2 220 pf P221J26COGFVPWA CN80C221JM +5 26 300" 
9 220 pf P221K26COGFVPWA CN80C221KM +10 26 300" 
g 330 pf P331K26COGFVPWA CN80C331KM +10 26 300" 
me 470 pf P471K26COGFVPWA CN80C471KM +10 26 300" 
g 001 uf P102J26COGFVPWA CN80C102JM +5 26 .300" 
a) 001 uf =P102K26COGFVPWA CN80C102KM +10 26 300" 
0022 uf P222K26COGFVPWA CN80C222KM +10 26 300" 
50 Volt DCW X7R 
0033 uf P332K26X7RFVPWA CW80C332KM +10 26 300" 
0047 uf P472K26X7RFVPWA CW80C472KM +10 26 .300" 
01 uf P103K26X7RFVPWA CW80C103KM +10 26 300" 
01 uf = _P103M26X7RFVPWA CW80C103MM +20 26 300" 
022 uf P223K26X7RFVPWE CW80C223KM +10 26 300" 
022 pf P223M26X7RFVPWE CW80C223MM +20 26 .300" 
047 uf =P473K26X7RFVPWJ CW80C473KM +10 26 300" 
047 uf P473M26X7RFVPWJ CW80C473MM +20 26 300" 
1 uf P104K26X7RFVPWN CW80C104KM +10 26 300" 
Auf P104M26X7RFVPWN CW80C104MM +20 26 300" 
22 uf | P224K26X7RFVPWT CW80C224KM +10 26 300" 
22 uf | P224M26X7RFVPWT CW80C224MM +20 26 .300" 
50 Volt DCW Z5U 
01 pf P103M26Z5UFVPWA CZ80C103MM +20 26 .300" 
01 uf P103Z26Z5UFVPWA CZ80C103ZM_ +80-20 26 300" 
022 uf P223M26Z5UFVPWE CZ80C223MM +20 26 300" 
022 pf P223Z26Z5UFVPWE CZ80C223ZM +80-20 26 300" 
047 wf +=P473M26Z5UFVPWJ CZ80C473MM +20 26 300" 
047 uf P473Z26Z5UFVPWJ CZ80C473ZM +80-20 26 300" 
1 uf P104M26Z5UFVPWN CZ80C104MM +20 26 .300" 
1 uf P104Z26Z5UFVPWN CZ80C104ZM_ +80-20 26 300" 
22 uf | P224M26Z5UFVPWT CZ80C224MM +20 26 .300" 
22 uf _P224Z26Z5UFVPWT  CZ80C224ZM_ +80-20 26 300" 
33 uf | P334Z26Z5UFVPWW_ CZ80C334ZM_ —- + 80-20 26 300" 
STANDARD  M=MaATERIAL CODE (EIA TC CCC = CODED CAPACITANCE 
MARKING: ©°8) Heres | | - 
A = COG (NPO) 10pF through 99pF: actual value in pF (2 digits only) 
VMCCCT cS IX 100pF and above: coded cap. value, same as used in P/N 
V=VOLTAGE CODE Ff = Z5U on the Spec. 
Blank = SOV T = TOLERANCE CODE; SAME AS USED IN THE P/N 
; = : Hoe Use “VP” for Mechanical Detail Code for all Mono-Pak (they 


are packaged 200 to a Magazine). 
Standard Qty is 5000 pcs (25 magazines) in a carton. 
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CONSTRUCTION & CHARACTERISTICS 


Philips Components monolithic ceramic capacitors were 


Monolith IC Multilayer originally developed to improve the volumetric efficiency of 
. ceramic capacitors. Ceramic materials are processed into a 
Capacitors tape with a typical thickness range from 1 to 3 millimeters. 


CAPACITANCE CHANGE (AC) Metal electrode patterns are applied using a thick film 

vs TEMPERATURE screening process. Multiple layers are stacked and laminated 
in such a manner that electrodes are alternately exposed 
when the pattern is cut into individual chip capacitors. The 
Capacitors are fired through a high temperature profile to 
mature the ceramic and metal into a homogeneous unit. Metal 
end terminations are applied and fired to provide electrical 
connection between the individual layers. A full range of 
values from 1 pF to 10 uF is available in four EIA dielectric 
designations. CAPACITANCE CHANGE (AC) 

vs DC VOLTAGE (50V) 


~—§5 —35 —15 +5 +25 +45 +65 +85 +105 +125 
TEMPERATURE (°C) 


s4ozizede) 21uie4s3ag7 


% AC 


SPO arO) eel. tO. J), 440 «it 60-8) 
TEMPERATURE (°C) VOLTS DC APPLIED 


CAPACITANCE CHANGE (AC) 
vs FREQUENCY 


S 
=5b) S88) SW) 30) SPA sete Srl) Seti) Seite Sa 


TEMPERATURE (°C) 


100Hz 1kHz 10kHz 1MHz 10MHz 
FREQUENCY 
DISSIPATION FACTOR AND Q 


1000 


500 a 


Be Oe 25 450 65. 85 — J, 200 
TEMPERATURE (°C) Q 100 


CAPACITANCE pF 
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SERIES D AND S 


ae ae Keene neem meer ere epee 
50VDC through 6KVDC, EIA Class |, Il and Ill, General Purpose 


DESCRIPTION: 


and Temperature Stable, Ceramic Disc Capacitors 


Our General Purpose and Temperature Stable 4. 1 KDVC General Purpose Stock Items; This 


capacitors are available with DC Voltage ratings 

as high as 6KV. They may be subdivided into five 

different groupings of Standard Stock Items: 

1. Low Voltage Standard Stock Items; This covers 
the range of 50VDC through 600VDC with 
Temperature Characteristics of Z5U and Z5V, 
they are typically used in non-critical bypass 
and coupling applications. Also included are 
Dual Capacitance units, which provide two 
capacitors within a single package, with a 
common center lead. 

2. Temperature Stable Standard Stock Items: 
This covers a variety of SOOVDC X5F and Z5P 
units. These items provide excellent tempera- 
ture stability over a wide ambient tempera- 
ture range. 


o: Philips Components’ Temperature Compen- 
sating Capacitors provide an accurate predict- 
able linear capacitance change with variations 
in ambient temperature. This change is called 
Temperature Coefficient of Capacitance (TCC 
or TC) and is expressed in Parts-per-million-per- 
degree-Centigrade (PPM/°C). The Temperature 
Coefficient is determined from a two point mea- 
surement of the capacitance at +25°C and 
+85°C. The NPO (COG) capacitor typical appli- 
cation includes tuned circuits, RF networks and 
other critical applications where the drift free 
performance of a temperature compensating 
Capacitor is mandatory (NPO = 30PPM/°C). 
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sy 


series provides a wide choice of 1000 Volt DC 
rated units for general purpose applications. 
These units are primarily designed for non- 
critical coupling, bypass and filter applications 
as found in all types of entertainment, indus- 
trial and medical equipment. 

High Voltage Standard Stock Items: This series 
includes 1400VDC/150VAC units as well as 
1600VDC, 3000VDC and 6000VDC units. These 
units are especially useful for filtering, block- 
ing, voltage multiplier applications and for arc 
and noise suppression on switches, relays 
and motors. 
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SERIES D ANDS 
S0VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


CAPACITANCE: ENCAPSULATION: 

Measured @ 1MHz @ 1.0 + 0.2VRMS @ 25°C for Phenolic Resin, Golden/Yellow colored for units 
values 1000 pF or less. less than 3000VDC, Epoxy, Golden colored for 
Measured @ 1MHz @ 1.0 + 0.2VRMS @ 25°C for 3000VDC and higher, coating material is at Philips 
S2L and S3N Temperature Characteristics. Components’ option. 

Measured @ 1KHz @ 1.0 + 0.2VRMS @ 25°C for OPERATING TEMPERATURE RANGE 

all others. 55 GMO (25-6. 

DISSIPATION FACTOR: PACKAGING: 


For Class | capacitors, dissipation factor is typically Both Bulk and Radial Tape and Reel (per EIA 
expressed as Q (Quality) Factor and is measured RS-468) product available. Taped and Reeled 
under the same conditions as capacitance. product available on 2000 pc reels only. 

Q = 1/DF or DF = 1/Q NPO (COG) = .1% DF. LEADFORMS: 

6% Max. when measured @ 1MHz @ 1.0 + 0.2 Taped and reeled product available with 5mm 
VRMS @ 25°C for S2L and S3N Temperature (.197") nominal spacing, #24 AWG CCS or CU wire 
Characteristics. 9.08mm (.200"), 6.35mm (.350"), IKC (standard), 
2.5% Max. when measured @ 1KHz @ 1.0 + 0.2 SOL (.200 only) or SLC. 

VRMS @ 25°C for all others. 


DIELECTRIC STRENGTH: 

250% of Rated Voltage for units rated 500/600VDC 
or less, 200% of Rated Voltage for units rated 
1KVDC, 175% of Rated Voltage for units rated 
over 1KVDC, with the test voltage being raised 
from zero to the specified value at a rate of approx. 
500VDC per second and the maximum test volt- 
age being maintained for 60 seconds; the limiting 
value of direct current shall be 50 milliAmps for 
both charging and discharging. 


INSULATION RESISTANCE: 

10,000 Meg 1 minimum when measured at rated 
Voltage or 500VDC, whichever is less, after 2 min- 
utes, 5 seconds charge time, with charging cur- 
rent limited to 50 milliAmps. 

MARKING: 

Philips Components Logo (Diamond Shape), 
Capacitance Value (in Micro-Farad), EIA Capaci- 
tance Tolerance Code, Rated Voltage, EIA Tem- 
perature Characteristic (in this order, as size 
permits). 50 Volt rated units may have capaci- 
tance value marking underlined to denote 50VDC 
rating. 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
Ceramic Disc Capacitors 


D 


K 29 Z5F N TH EM 
102 K 28 


Note: 1 inch = 
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25.4mm 


2 ; 50VDC P 2KVDC Class | 
75VDC R 3KVDC Dielectric 
100VDC S 4KVDC Strength 
150VDC T 5KVDC Code Tested @ 
5 Se CUaN VALUE 200VDC U 6KVDC AA 1500VDC 
© irst two digits are _ 600VDC X 1.6KVDC AB 2 X Rated VDC 
NY significant, third digit 1KVDC AC 500VDC 
9} F a multiplier as follows: AN 1300VDC 
o Rae Class 1! & Il 
~~ Dielectric 
>) : ‘ a Strength 
9g 4x 10000 Temperature Characteristic per EIA RS-198 Code Tested @ 
% 9 a for Class II & Ill ED 1SO0VDC 
3 SecondDigit Third Digit is EM 2 X Rated VDC 
9 First Digit is Highest Percent Change EP 1300VDC 
Ss is Lower Temperature Allowed EU S00VDC 
~y Temperature 4 +65°C F+ 7.5% 
re} K=55°C 5 485°C P + 10% 
= Tolerance Code: \( =SL0Xe 6 +105°C R += 15% 
77) C + .25pF (<10pF) Class! L1G [2h ae a S + 22% 
D+ .5pF (<10pF) Class! 8 +150°C T +22/—33% 
F + 1pF (<10pF) Class | Changes in Capacitance U +22/—56% 
H+ 3% (=10pF) Class! | are all using the 25°C V +22/—82% 
J+ 5% (= 5pF) Class| | Cap. Value as reference Point. 
K + 10% (>2.5pF) Class! & Il 
M + 20% Class II & Ill Temperature Characteristic per EIA RS-198 
P +100/—0% (GMV) Class Il for Class | 
Z +80/—20% Class Il & Ill First 2 Digits Last Digit defines 
NPO the TC Tolerance 
N0O80 as follows: 
N150 30PPM 
N220 60PPM 
N330 120PPM 
N470 250PPM 
N750 500PPM 
N1500 * 1000PPM 
N2200 2500PPM 
N3300 
Wire 
20.197" Dia x .156" Thick Code Space Length Dia. Form Pack 
29.290" Dia x .156" Thick AA 7250) 1LOeMin #22 Sule Bulk 
33. .330" Dia x .203" Thick AB Ol Sine 0" Mila $22 SLL Bulk 
39.394" Dia x .156" Thick BE 200). ey,” #22 SLC Bulk 
40  .400" Dia x .156" Thick! BF B75E ABT" 22 SLUG Y =Bulk 
43.430" Dia x .203" Thick CE 250 yl Bik #22 BBC Bulk 
47 472" Dia x .156" Thick CF io" = iLey" #22 BBC Bulk 
52. .520" Dia x .203" Thick EA 250" 1.0" Min #22 SOE Bulk 
59.590" Dia x .156" Thick EB iS7 oO) e120 Min #22 SOL Bulk 
63 .630" Dia x .203" Thick FE 1250) FF NOTE #22 IKC Bulk 
66 660" Dia x .313" Thick FF So ele #22 IKC Bulk 
69 690" Dia x .156" Thick GE PX AKSIE #22 OKC Bulk 
73. .730" Dia x .203" Thick GF SS aikkeli/ #22 OKC Bulk 
76 ~~ -.760" Dia x .313" Thick MA 200" = 1.0" Min #22 SLL Bulk 
82 820" Dia x .156" Thick MB 200" =1.0" Min #24 SUE Bulk 
86 —_.860" Dia x .203" Thick TE 250" H-18MM_ #24 SLC Tape & Reel 
93  .930" Dia x .156" Thick TF 250" Ho-16MM_ #24 IKC Tape & Reel 
96.960" Dia x .203" Thick TH .200" Ho-16MM_ #24 IKC Tape & Reel 
TK .200" Ho-16MM_ #24 SOL Tape & Reel 
Note: Above Numbering System is for STANDARD PRODUCT. T™ 200" Ho-16MM_ #24 Sie Tape & Reel 
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SERIES D AND S 
50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


er =e Seiwene © 2 einee eee 
RANGE CHARTS 


EIA Class | COG Disc Capacitors 


numbers pailest smallest STD Philips Components EIA Class Il and III Disc Capacitors: 
NPO/COG Use the following chart to determine which Ceramic to use in order to obtain the 
: desired Temperature Characteristics for Class Il and III Capacitors. ie) 
Standard Tolerance | _ Tol. 5%, 10% tlaximum 7) 
Standard Elect. Code| AC AA AB Capacitance Standard | 
“Voltage ———~S~«&S00 S00 KV EIA TC Change Allowed * Temp. Range Use Ceramic Avail. Tol. y 
Haccomuce 188] 2020 Bo" Taunus 188"| 200 20 X5F +/-75% * -55°C to +85°C T27 only +/-10, +/-20% a 
merercnoe ded (3203 Ed8 20 X5P +/-10% -55°C to +85°C_ T4 or 127 +/-10, +/-20% S 
—$—_+——_—_ X5R +/-15% -55°C to +85°C T4 or 127 +/-10, +/-20% 
me Bs > H X5S +/-22% —55°C to +85°C T4 or 127 +/-10, +/-20% >) 
ae X5T +22/-33% —55°C to +85°C T4 or 127 +/-10, +/-20% Q 
339 | 20 20 20 X5U +22/-56% -55°C to +85°C T4, T27 or T32 +/-20, +80-20% xs) 
Ce X5V + 22/— 82% -55°C to +85°C T4, T27 or T32 +/-20, +80-20% st) 
479 | 20 20 20 Xx7S +/-22% -55°C to +125°C ——‘T27 only +/-10, +/-20% +) 
569 | 2020 20 X7T +22/-33% -55°C to +125°C ——-‘Té or 127 +/-20, +80-20% te 
689 | 20 20 20 X7U +22/-56% —55°C to +125°C T4, T27 or T32 +/-20, +80-20% =) 
829 | 20 20 20 X7V +22/-82% ; -55°C to +125°C 14, T27 or T32 +/-20, +80-20% ». 
919 | 20 20 20 Y5E +/-4.7% -30°C to +85°C T27 only +/-10, +/-20% 
100 | 20 20 20 Y5F +/-75% -30°C to +85°C T27 only +/-10, +/-20% 
120 | 20 20 20 Y5P +/-10% * 30°C to +85°C T4 or T27 +/-10, +/-20% 
1505|5205 203-20 Y5R +/-15% —30°C to +85°C T4 or T27 +/-10, +/-20% 
180u e200 20mm 20 Y5S +/-22% —30°C to +85°C T4 or T27 +/-10, +/-20% 
220 | 20 20 20 Y5T +22/-33% -30°C to +85°C T4 or 127 +/-20, +80-20% 
270 | 20 29 29 Y5U +22/-56% -30°C to +85°C T4, T27 or T32 +/-20, +80-20% 
330 | 29 29 29 Y5V +22/-82% —30°C to +85°C T4, T27, T32 or T66 +/-20, +80-20% 
390 | 29 29 29 Z5E +/-47% +10°C to +85°C T27 only +/-10, +/-20% 
470 | 29 40 40 Z5F +/-75% +10°C to +85°C T4 or 127 +/-10, +/-20% 
560 129 40 40 Z5P +/-10% * _ +10°C to +85°C T4 or T27 +/-10, +/—20% 
680 | 29 40 40 Z5R +/-15% +10°C to +85°C T4 or 127 +/-10, +/-20% 
G00 C40. 40) 40 Z5S +/-22% +10°C to +85°C T4 or 127 +/-10, +/-20% 
910 | 40 40 40 Z5T +22/+33% +10°C to +85°C T4 or 127 +/—20, +80-20% 
Sanaa io ab) Z5U +22/-56% * 410°C to +85°C T4, T27, T32 or T66 +/—20, +80-20% 
121140 47 47 Z5V +22/-82% * 410°C to +85°C Any One Listed. +/—20, +80-20% 
451140 59 59 * STANDARD Temperature Characteristics 
181 | 47 59 59 After selecting ceramic see following pages to determine size from charts. 
221 | 47 59 59 
271 |59 69 69 
331 | 59 82 82 Special Sizes Note: 
391 | 69 82 82 (Dual Disc Construction) Voltages indicated are maximum 


S62 620” ida, .220” thick (Epoxy or operating voltages; use 100V column 
Phenolic Coated, CRL option) for SOV, etc. 

S72 .720” dia, .220” thick (Epoxy or 

Phenolic Coated, CRL option) 

S85 850” dia, .220” thick (Epoxy or 

Phenolic Coated, CRL option) 

$95 950” dia, .220” thick (Epoxy or 

Phenolic Coated, CRL option) 


.197" dia, .156" thick 
.290" dia, .156” thick 
394" dia, .156”" thick 
405" dia, .156” thick 
.472" dia, .156" thick 
.590" dia, .156" thick 
.690" dia, .156" thick 
£820" dia, .156" thick 
.930" dia, .156" thick 
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SERIES D ANDS 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


How to use the Class Il and Class Ill Selector 

Chart: 

1. Look up the EIA TC Code required, or look up 
the Maximum Change in Capacitance Value 
over a certain Temperature Range allowed by 
the Circuit. 

2. This will provide one (or more) Ceramic(s). 

3. Now use the range chart and find the inter- 
section of the capacitance Value desired and 
the Voltage desired (within the previously 
selected Ceramic). 

4. The number found is the smallest size on which 
this product may be supplied. 


An Example: 

Requirements: 2200 pF +/—10%, Y5S, 100VDC, 
no larger than .500" We find that for Y5S we can 
use either T4 or T27 Ceramic. In the Range Chart, 
we find at the intersection of EIA Cap Code 222 
and T27 Ceramic/100V, that “40” is listed. (Nothing 
is listed under T4 for this Cap Code, so that the 
T27 Ceramic is the only choice.) This means that 
the above described part can be supplied on a 
diameter of .394" Maximum, well within the .500" 
requirement. Where multiple Ceramics meet the 
same TC requirements, typically the smallest sizes 
are found under the Ceramic with the highest 
number. 


CLASS II AND CLASS Ill DISC CAPACITORS 


CLASS Il; TC tolerance < +22% (E, F, P, R) 
CLASS Ill; TC tolerance = > +22% (S, T, U, V) 


EIA CLASS I! EIA CLASS Ill 
ren T4 CERAMIC T27 CERAMIC T32 CERAMIC T66 CERAMIC 182 CER. 
rica 
P/N Code EU ED EM EU ED EM EU ED EM EU ED EM EU ED 
Voltage 100 500 1KV 100 500 1KV 100 500 1KV 100 500 iKV 100 500 
iT RARER CEERI! Tae 
20. 20 «1 20 5 J 
20 20 20 
20'- --26 ~~ %20 
20 9820 w 520 
wi 271 30 2420 420 
2 331 20 20 30 
= 391 20 saar20 jn 20 
2 471 20° 207 20 
< 561 90599 5 29. 4200h).20) 4 an 
g 681 20 29 29 20 20 20 
a. 821 20 29 2129's 200 20 ed 20" 2p 
= 102 pg i29 29." 20 29,6 29 20 20 
a 122 | 29 40 40 20 29° «29 20 +29 
9 152 26-440 40° 26° D0y 20 20, aco og 
182 | 4034140 40 29° P40 - 40" 207 207. 20 
202 40'"'40 40 * "20" "40 "40." 20) ao 29 
222 40." 40 40 29°40" 40°50" Wo 46 
272 A047 47 "00" “40 "40 "oq. Yeg™= “40,71 20 
302 40°47 47°) 39° Fag 4G O09 SAO" 40.21: 20 
332 40° 47 47 40 40 40 26’ 40 40° 7.29 
392 40 59 59 40 47 47 #=+29 40 40 °° 29 
472 | AT S59 59 #40 47 47 «+499 40 40: #99 
502 47°59 «459: «40 S47" «47S 29) 40) «47 29 
562 | 59 69 69 40 59 59 40 40 #59 ~~ 29 
682 59 69 69 #40 59 #59 40 #40 #59 #440 
Continued 
166 
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SERIES D ANDS 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


CLASS Il; TC tolerance < +22% (E, F, P, R) 
CLASS Ill; TC tolerance = > +22%(S, T, U, V) 


EIA CLASS I! EIA CLASS Ill 


oon 14 CERAMIC T27 CERAMIC T32CERAMIC T66CERAMIC T82 CER. 
P/N Code EAD a EM 6. ED EM..cU—. ED. EM...-EU—. -ED-.EM_-EU—-ED 


Voltage 


100 500 1KV 100 500 1KV 100 500 1KV 100 500 i1KV 100 500 
CUM CEE PS [esis a VET 


=a ae 

822 SQWEE G2 g0S2nae47 690N 69 ~40 447i: (59g 40 
a 103 Owe 02 pnniuna4 69 pe69)5 40 Jn 477 50 oe 40 
= 123 | OS yepcsngeno S82 mey844- 405569 m« 69m 40 7,59 
< 153 Ss are «fears roam, dre ema +: Team: gaamaetsrs) 
1) 183 ATi 60) aec82e AT 169 
z 203 t 59 69 82 59 69 
= 223 59 69 82 59 69 
é 273 sot 5 Qtr! 0st S72 50 = "69 
a 303 Deep Wve S1S Stews aot 
a 333 CQ Se SO See Omer 2 
a 393 69 $72 $85 69 $72 
a 473 69 S72 S95 69 $72 

503 69. S72. S95 69. S72 

563 S62 S85 S62 $72 

683 S62 S85 S62 S85 

823 S72 S95 S72 $95 

104 S72 S95 S72 $95 
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SERIES D AND S 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
CAP. PART NUMBER PART NUMBER _ TOL. CODE DIA. THICK. SPACE STYLE 
50 Volt DCW 
005 pf }=D502Z29Z5VFAAEU CK502 +80-20%  Z5V lesa cL OO pee OU yg Otk 
Pp) 01 uf D103Z39Z5VFAAEU = CK103 +80-20%  Z5V — .39" 156 lece 250" Ske 
® 01 uf D103Z39Z5VFTHEU = +80-20% Z5V oo) 140" = .200" ~—‘IKC* 
Q 02 uf D203Z59Z5VFABEU CK203 +80-20% Z5V 9" 196. eh 4g et 
= 025 uf D253Z59Z5VFABEU CK253 +80-20% Z5V eh 106: | Oho SEL 
maa 03 uf D303Z59Z5VFABEU CK303 +80-20%  Z5V a I ADO! oh O ae Sek 
© 05 uf D503Z69Z5VFABEU CK503 +80-20%  Z5V 69" 106" |) .o%0. ee 
© 1 uf S$104Z72Z5VFAZAA CK104 +80-20%  Z5V 2" ATT ~.310 Sek 
3 75 Volt DCW 
g 05 uf D503X69Z5VGAZAA DDASO3 +80-30%  Z5V he noo" “E3ho Le 
o 1 uf S$104X72Z5VGAZAA DDA104 +80-30%  Z5V ae. Like te 
S 100 Volt DCW 
“ 005 pf +=D502M39Z5VHAAEU DC502 +20% Z5V 39" 156" ‘2505, SLE ¢ 
2 005 nf + D502M39Z5VHBEEU XXDC502 +20% Z5V oo. tS0* . 200naeg Ole 
01 uf D103M39Z5VHAAEU DC103 +20% Z5V 39" 156"! © .250ti a SLE 
01 uf D103M39Z5VHBEEU XXDC103 +20% Z5V aC} i 156" = 25005 SLC 
01 pf D103M39Z5VHTHEU — +20% Z5V 39" 140" 1200! oe IKG? 
02 uf D203M59Z5VHABEU DC203 +20% Z5V Ae 156" .ororer SLL 
02 uf D203M59Z5VHBFEU XXDC203 +20% Z5V 09" 156". —~375" “SLC 
025 nf =D253M59Z5VHABEU DC253 +20% Z5V 09" 156" 43/75" “SLL 
025 pf + D253M59Z5VHBFEU XXDC253 +20% Z5V 09" 156" «.3875" “SLC 
05 uf D503M69Z5VHABEU DC503 +20% Z5V .69" 196” 375" SLE 
05 uf D503M69Z5VHBFEU XXDC503 +20% Z5V .69" 156" 875" (SLC 
1 uf S104M72Z5VHAZAA DC104 +20% Z5V Mee Avi — £S7S" Ook 
Brit S104S72Z5VHAZAA DC104S +30% Z5V wee tet EST" SSL 
100 Volt DCW COG (NPO) 
10 pf D100J20COGHMBAC - +5% COG ~~ .20" 138"  .200". SLL 
22 pf D220J20COGHMBAC _ +5% COG .20" 138" _.200" SLE 
27 pf D270J20COGHMBAC — +5% COG .20" 198° ~200"" -SLE 
33 pf D330J20COGHMBAC _ +5% COG? .20" 138" 200" SLE 
47 pf D470J29COGHMBAC =- +5% COGT ceo. 498" - 2007 SLL 
68 pf D680J29COGHMBAC _ +5% CoG .29" 3196, “200!” SLL 
82 pf D820J40COGHMBAC - +5% COG .40" 1S i ee aa LL 
100 pf D101J40COGHMBAC - +5% COG .40" ‘too, 200" SLL 
600 Volt DCW 
01 uf D103P59Z5ULABED DD6103 GMV Z5U 09" 0G eto. SLL 
015 uf D1I53Z69Z5ULABED DD153 +80-20% Z5U 169" 156" 375" -SLL 
02 uf D203Z69Z5ULABED DD203 +80-20%  Z5U 69" pO, _ Sion. SLL 
02 uf D203Z69Z5ULBFED XXDD203 +80-20% Z5U .69" 156" — 2375" ~ sSEC 
.03 yf S303Z72Z5ULAZAA DD303 +80-20% Z5U hea 200 -Sfom SLL 
04 yf S403Z72Z5ULAZAA DD403 +80-20%  Z5U 6a 290" 7.375") “Stu 
05 yf S503Z85Z5ULAZAA DD503 +80-20% Z5U .85" 200" 4s3/ Due SEL 
05 pf $503Z85Z5ULBFED XXDD503 +80-20%  Z5U 85" 5742) games: Thcpe mua: We 
1 uf S104Z95Z5VLAZAB DD104 +80-20% Z5U 95% 200" ee. OT OA SOLE 


“Tape and Reel Packaging 
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SERIES D AND S 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE DIA. THICK. SPACE STYLE 
600 Volt DCW COG (NPO) aa 
ile) [oii D159D20COKLAAAA DTZ1R5 +0.5pf COK 20 siekey 250 Le 
2.2 pf D229D20COKLAAAA = DTZ2R2 +0 5pf COK 20! .156" 250 rolls 
<C}6} (0) D339D20COJULAAAA DTZ3R3 +0.5pf COJ 20g .156" P50 elle 
4.7 pf D479D20COJLAAAA DTZ4R7 +0.5pf COJ .20" a SOU 250 ees ele 
6.8 pf D689D20COHLAAAA DTZ6R8 +0.5pf COH 20s sletey: 250 Sts 
10 pf D100J20COGLAAAA DTZ10 == OO COG .20" .156" 25 0iaOl ls 
15 pf D150J20COGLAAAA DTZ15 +5% COG ‘20h mOOn 250” “SEE 
18 pf D180J20COGLAAAA — +5% COG 0H MOG. 250% “SEL 
20 pf D200J20COGLAAAA DTZ20 +5% COG .20" uI5GEV E2250") HSIIt 
22 pf D220J29COGLAAAA DTZ22 +5% COG = .29" Mo6e= "250" SEL 
25 pf D250J29COGLAAAA = DTZ25 +5% COG 29" siexs) “2505 MSLE 
27 pf D270J29COGLAAAA — +5% COG 295 Hoon 200! “Sik 
33 pf D330J29COGLAAAA = DTZ33 +5% COG 29% sieey 2502 WSL 
47 pf D470J40COGLAAAA DTZ47 +—5% COG 40” 156" 250k WSL 
50 pf D500J40COGLAAAA DTZ50 +5% COG 40" NSCVG"s250" ‘Sil 
68 pf D680J40COGLAAAA DTZ68 =6% COG .40" HSS! 250% “SEE 
75 pf D750J40COGLABAA DTZ7/5 =5% COG 40" slike! One mole 
82 pf D820J40COGLABAA DTZ82 +5% COG 40" ABE" OS" SSTHE 
100 pf D101J40COGLABAA  DTZ100 5% COG 40" 7156" coon SE. 
120 pf D1i21J47COGLABAA DTZ120 +=5% COG Ait .156" cofom oll 
150 pf D151J59COGLABAA DTZ150 +5% COG woe) HSo! oor WS 
200 pf D201J59COGLABAA DTZ200 =5% COG 1598 mikolols Sis! Sill 
220 pf D221 J59COGLABAA DTZ220 ==5Y% COG Hoye! w56" yoroe Sil 
Dual Capacitance 600 Volt DCW 
.001 uf S102P389Z5ULAZAA DD31i02 GMV Z5U sho)! .186" NA Sill 
.005 pf = S502P59Z5ULAZAA DD3502 GMV Z5U Ber 225" ales SIU 
01 pf S103P69Z5ULAZAA DD3103 GMV Z5U .69" 22040 Nes Sb 
600 Volt DCW X5F 
150 pf D151K20X5FLAAEC CE151 +10% .20" es OU) OLE 
220 pf D221K20X5FLAAEC CE221 +10% 20h nloOu 2008) SEL 
330 pf D331K20X5FLAAEC CE331 +10% 20 Soe 250%) Sku 
470 pf D471K20X5FLAAEC CE471 +10% XO" .156" Poe Sue 
500 pf D501K20X5FLAAEC CE501 =10% 20u mlioGe Axo TS 
560 pf D561K29X5FLAAEA CE561 +10% Pe .156" 250/e) Se 
680 pf D681K29X5FLAAEA CE681 +10% 29" nL Oe (2504) SEL 
750 pf D751K29X5FLAAEA CE/51 +10% .29" Ales 250m) SOE 
800 pf D801K29X5FLAAEC CE801 +10% 208 1565 250%" SLL 
820 pf D821K29X5FLAAEC CE821 +10% 201 .156" 250" “SIE 
.001 uf D1IO2K29X5FLAAEC CE102 +10% .29" Lo Ow 250" SLL 
0012 pf D122K39X5FLAAEC CE122 ==10% ke)" alSOn 250 Meo EL 
0015 pf D1I52K39X5FLAAEC CE152 +10% eho) .156" 2507 SLL 
.0018 nf D1I82K39X5FLAAEC CE182 +10% 39" AS Bot Sue 
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SERIES D AND S 


50VDC through 6KVDC,EIA Class |, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
CAP. PART NUMBER PART NUMBER TOL. CODE DIA. THICK. SPACE STYLE 
600 Volt DCW X5F (continued) 
p>) 002 uf D202K39X5FLAAEC CE202 ~10% X5F 39” SIS 6u 250kae coll 
® 0022 yf D222K39X5FLAAEC CE222 +10% X5F see}! 564 .250" SLL 
a .0033 pf D3832K47X5FLABEC CE332 +1 0% X5F 47" lS 6 ieee Ok SLL 
4 .0039 pf D392K59X5FLABEC CE392 +10% X5F 59" sets) SON SLL 
“s .0047 uf D472K59X5FLABEC CE472 +10% X5F 9!" 156" S75) SLL 
© .005 pf +D502K69X5FLABED CE502 +10% X5F .69" “156! Poi Oe SsuL 
o 0062 uf D622K69X5FLABED CE622 +10% X5F .69" AO6! 63/51 te SLE 
3 .0082 uf D822K82X5FLABEC CE822 £10% X5F 1O2, A156! 3/5! SEL 
sf) 01 uf D103K82X5FLABEA CE103 =10% X5F 82" 156" (3/5) eo 
2. 600 Volt DCW Z5P 
8 0012 pf D122K39Z5PLAAED Ghii22 £10% Z5P 139% wilfexe}? .250" SLL 
Pr 0015 pf D152K39Z5PLAAED CRiSs2 +10% Zo .39" 156" 250g SLE 
0018 pf D182K39Z5PLAAED CF182 £10% Z5P .39" 156" .250" SEL 
002 nf D202K39Z5PLAAED CF202 £10% Z5P 39" sexy" 250" SLL 
0022 pf D222K39Z5PLAAEC CF222 £10% Zo 39" 156" 250% SLL 
.0033 pf D332K47Z5PLAAED CF332 £10% Z5P 47" cI56e 250% SLL 
.0039 pf D392K59Z5PLABED CF392 £10% Zor ESO! Als}o) [o/ Our Obl 
.0047 uf D472K59Z5PLABED CF472 £10% Z5P 5Oho) S6E i375! SLL 
.005 uf + D502K59Z5PLABED CF502 £10% Z5e SOT RIOOL Sioa Goll 
.0062 uf D622K69Z5PLABED CF622 £10% Zoe .69" .156" SIs) SLL 
.0082 pf D822K82Z5PLABED CF822 +10% Z5P 82" 56h 3/55 OSLE 
01 yf D103K82Z5PLABED CF103 £10% Z5P 82" 156! B75! SLL 
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SERIES D AND S 
20VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
CAP NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
VALUE PART NUMBER PART NUMBER TOL. CODE DIA. THICK. SPACE STYLE 
1000 Volt DCW 
3.3 pf__D339D20S2LNAAAL _DD3R3 +0.5% S220" — 156" 260" - - SLE 
5 pf D509K20S2LNAAAL _DD050 + 10% S2U- 20" .156" _.250". SLL © 
6 pf D609K20S2LNAAAL __DD060 + 10% Sel ——-.20"- 156" 250% —-SLL = 
6.8 pf _D689K20S2LNAAAL _DD6R8 + 10% S2t:-—-.20"= 156" "250" SLL 2 
7 pf D709K20S2LNAAAL D070 + 10% S2l°-—.20"" 156" 250" SLL 3 
8 pf D809K20S2LNAAAL _DD080 + 10% Sal .20"- 156" ---.250"- — SLL ‘y) 
10 pf __ D100K20S2LNAAAL D100 + 10% $2122.20" 156" 250". - SLL 9g 
12 pf __ D120K20S2LNAAAL D120 + 10% Sol —20% 156" 250" —SLL- & 
15 pf _ D150K20S2LNAAAL _DD150 +10% $2 —20""\--.156' 250" — -SLL 2 
18 pf __ D180K20S2LNAAAL DD 180 + 10% S2L- 20” -156" — 250" SLL 8 
20 pf _ D200K20S2LNAAAL D200 + 10% Soiree 20 eer GG eee 50 OLE ee 
22 pf _ D220K20S2LNAAAL __DD220 + 10% S220 156. 250"- — SEE g 
24 pf __ D240K20S2LNAAAL D240 + 10% Sot 20 ee Seen 2500 — SEE a) 
25 pf __ D250K20S2LNAAAL _DD250 + 10% S220 er 156c eee 50 SLE 
27 pf _ D270K20S2LNAAAL _DD270 + 10% S2L__ 20” .156” 250” ~~ SLL 
30 pf _ D300K29S2LNAAAL _DD300 + 10% See 0 ee tobe 250 SEE 
33 pf __ D330K29S2LNAAAL _DD330 + 10% (Sa ee cron le ohpneimey ae poamertto 
39 pf __ D390K29S2LNAAAL _DD390 + 10% Soto eet SG cee o50 se SEL 
47 pf _ D470K29S2LNAAAL _DD470 + 10% Sot 20 eee 5G aero SE 
50 pf _ DS500K29S3NNAAAL _DD500 +10% SONG 20ers 156. 250" SLE 
51 pf _D510K29S3NNAAAL__DD510 + 10% SoNgs 29 een (S60 esr OL 
56 pf _ DS60K29S3NNAAAL _DD560 + 10% S3N 29” .156” 250” SLL 
68 pf _D680K29S3NNAAAL _DD680 + 10% S3N 29” .156” —-.250” SLL 
75 pf _D750K29S3NNAAAL __DD750 + 10% S3N 29” .156” —.250” SLL 
82 pf _D820K29S3NNAAAL __DD820 + 10% S3N 29” .156” —_.250” SLL 
91 pf _D910K29S3NNAAAL _DD910 + 10% S3N 29” 156” —_.250” SLL 
100 pf D101K29S3NNAAAL _DD101 + 10% SoNaewe20 i 15635055250" — SEL 
100 pf D101K29S3NNBEAL _XXDD101 + 10% S3N__.29” _.156” _.250” ‘SLC 
100 pf D101K29S3NNTHAL — + 10% S3N _.29” 156” —-.200”__—‘IKC* 
120 pf D121K29S3NNAAAL _DD121 +10% S3Ne io 21502250 SEE 
130 pf _D131K29S3NNAAAL__DD131 + 10% CoN 29 156 50 SEL: 
150 pf D151K29S3NNAAAL__DD151 + 10% S3N__.29” —.156” —-.250” SLL 
180 pf D181K29S3NNAAAL DD 181 + 10% S3N 29” .156” _.250”_—— SLL 
200 pf _D201K29S3NNAAAL _DD201 + 10% S3N 29” .156” —.250” SLL 
200 pf _D201K29S3NNBEAB__XXDD201 + 10% SSN: 20"! 156" —— 250" SLC 
220 pf _D221K20Z5FNAAEM DD221 + 10% Zokemn 20 2 156, 250". 2 SLL 
220 pf _D221K20Z5FNBEEM XXDD221 + 10% Zoe OO a 1B ea oO CSL 
240 pf_ _D241K20Z5FNAAEM DD241 + 10% Z5F 20” ~—=.156” 250” SLL 
250 pf_ _D251K20Z5FNAAEM DD251 + 10% Z5F 20” —.156” —-.250” SLL 
270 pf _D271K20Z5FNAAEM D271 + 10% Z5F 20” —.156” —-.250” SLL 
300 pf _D301K20Z5FNAAEM _DD301 + 10% Z5F 20” 156” 250” SLL 
330 pf _D331K20Z5FNAAEM _DD331 + 10% Z5F_ 20” —.156” —.250” SLL 
350 pf _D351K20Z5FNAAEM D351 +10% Z5F 20” ~—.156” 250” ~~ SLL 
360 pf _D361K20Z5FNAAEM _DD361 + 10% Z5F 20” ~—.156” ~—-.250” ~~ SLL 
390 pf _D391K20Z5FNAAEM _DD391 + 10% Z5F 20” ~=—.156” ~—-.250” SLL 
400 pf _D401K20Z5FNAAEM D401 + 10% Z5F 20” 156” ~—-.250” SLL 
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SERIES D ANDS 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
CAP. NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
VALUE PART NUMBER PART NUMBER _ TOL. CODE DIA. THICK. SPACE STYLE 
1000 Volt DCW 
470 pf D471K20Z5FNAAEM DD471 +10% Z5F .20" 156 cep Toute 
2) 470 pf D471K20Z5FNBEEM XXDD471 +10% Z5F 48), 196 200. see 
ys) 500 pf D501K29Z5FNAAEM DD501 +10% Z5F 208 9G" 3) .2coU ger oe: 
a 500 pf D501K29Z5FNBEEM XXDD501 +10% Z5F 7-4) D0 te 200.) nol 
= 510 pf D511K29Z5FNAAEM DD511 +10% Z5F ees! 150) .290 5 nore 
~“ 560 pf D561K29Z5FNAAEM DD561 +10% ZSF he OG. ce OU fe eee 
© 600 pf D601K29Z5RNAAEM DD601 +10% Z5R oe 156 e200 ge Sole 
2) 680 pf D681K29Z5RNAAEM DD681 +10% Z5R .29" 15600-2004) Bonk 
2 750 pf D751K29Z5RNAAEM DD751 +10% Z5R 20° i) Tae) UF ge 2 & 
oT) 820 pf D821K29Z5FNAAEM DD821 +10% ZOF BA. JOG 200 eEe 
o 910 pf D911K29Z5RNAAEM DD911 +10% Z5R FAS a “190 ~ 3200 “SEL 
S 001 pf }=D1I02K29Z5FNAAEM DD102 +10% ZOF ra TOO ney. 200 fesone 
P| 001 nf = DI02K29Z5FNBEEM XXDD102 10% Z5F 20° 106 a.200 perrtoLe 
“ 001 uf }§=D102K29Z5FNTHEM — +10% Z5F eon 1 OO tier 2 OU Stir 
001 nf = D1IO2P29Z5UNAAEM DD102G GMV Z5U fas by 196" "200 femoee 
001 pf = D1IO2P29Z5UNBEEM XXDD102G GMV Z5U Wie)! OO a 200 te OLG 
0012 uf D122K39Z5RNAAEM DD122 +10% Z5R Bo le OG) soe 200 8 Fro: 
0013 pf D1I32K389Z5RNAAEM DD132 +10% Z5R Si 156i", 200 Tr OL 
0015 uf D1I52K39Z5RNAAEM DD152 +10% Z5R ACh he {100 400 2 POLL 
0015 pf D152P29Z5UNAAEM DDi52G GMV Z5U sis “lOO carte dO freee 
0016 pf D1I62K39Z5RNAAEM DD162 +10% Z5R ok ih 30 are.2 00 goto 
0018 uf D1I82K39Z5RNAAEM DD182 +10% Z5R Bohs |i 100 tae LOO UP ROee 
002 uf =D202M39Z5UNAAEM DD202 +20% Z5U oS be SOF F200") SLE 
002 uf =D202M39Z5UNBEEM XXDD202 +20% Z5U oe .156" .250" SLC 
0022 uf D222M39Z5UNAAEM DD222 +20% Z5U ooo. 106 72200) Ske 
0025 uf D252M39Z5UNAAEM DD252 +20% Z5U oo IDG = =200 oat 
0027 uf D272M39Z5UNAAEM DD272 +20% Z5U ct he 156" .250" SLL 
003 pf D302M39Z5UNAAEM DD302 +20% Z5U oh he OG eo rotor 
.0033 pf D332M39Z5UNAAEM DD332 +20% Z5U 39" S1D0 6 a00 oe 
0039 pf D392M39Z5UNAAEM DD392 +20% Z5U [oo 190” 200 “Sle 
004 pf D402M39Z5UNAAEM DD402 +20% Z5U BS 100 Se 20U Mt tolls 
0043 pf D432M47Z5UNAAEM DD432 +20% Z5U 47" “(D0 I te00 tore 
0047 wf D472M47Z5UNAAEM DD472 +20% Z5U 47" {100 3200 OL 
005 pf }=D502M47Z5UNAAEM DD5022 +20% Z5U 47" 156" .250" SLL 
005 pf +D502P59Z5UNABEM DD502 GMV Z5U Se tO co colo vor 
005 pf =DS502P59Z5UNBFEM XXDD502 GMV Z5U Sots ie 100 6 solo. ToLe 
0056 pf D562M47Z5UNAAEM DD562 +20% Z5U 47" 156" .250" SLL 
.0068 uf D682M59Z5UNABEM DD682 +20% Z5U oS MOGs Of o. = ToL 
0075 pf D752M59Z5UNABEM DD752 +20% Z5U 09" LOO! OC fork 
0082 pf D822M59Z5UNABEM DD822 +20% Z5U too OO. .O/ Og Oe 
01 uf D103M59Z5UNABEM DD1032 +20% Z5U Bote) 156% =379" SE 
01 uf D103P69Z5UNABEM DD103 GMV Z5U .69" slv0 = fo” POLL 
01 uf D103P69Z5UNBFEM XXDD103 GMV Z5U "69" SOO 6 oho. ane 
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SERIES D AND S 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
CAP. NEW DIST. CAP. TC MAX. MAX. LEAD LEAD 
VALUE PART NUMBER PART NUMBER ~ TOL. CODE DIA. THICK. SPACE STYLE 
1400 Volt DCW/150 Volt AC RMS, 60Hz 
0047 pf D472M82Z5UYAZAA  DI472 +20% Z5U 82" CAO we lO ens Ok 
01 uf D103M82Z5UYAZAA —— D103 +20% Z5U 82" 180 easfp" SLL 
1600 Volt DCW 
.003 uf D3802P59Z5UXAZAA DD16302 GMV Z5U 9h) iv2eumasoto  oLL 
005 pf D502P59Z5UXAZAA DD16502 GMV Z5U 09" piitepnancoro oll 
006 uf +D602PE9Z5UXAZAA DD16602 GMV Z5U .69" lieawwero coll 
007 uf }=D702P69Z5UXAZAA DD16702 GMV Z5U .69" heel OLL 
.01 uf D103P82Z5UXAZAA DD16103 GMV Z5U 82" then =| SLL 
015 uf D153Z93Z5UXAZAA DD16153 +80-20%  Z5U 93" wieacaro olk 
3000 Volt DCW 
4.7 pf D479M33S2LRAAAL DD304R7 +20% S2L 33" BOs peao0" 4okb 
10 pf D100M33S2LRAAAL DD30100 +20% S2L 33" 180". .250" SLL 
15 pf D150M33S2LRAAAL DD30150 +20% S2L 33" SO%srs2o0" 4 OLk 
22 pf D220M33S3NRAAAL DD30220 +20% S3N 33" ASO%ss e200" 1 SLL 
30 pf D300M33S3NRAAAL DD30300 +20% S3N 33" 203),4,c200" «SLL 
33 pf D330M33S3NRAAAL DD30330 +20% S3N 33" 203", .250" SLL 
47 pf D470M33S3NRAAAL DD30470 +20% S3N 33" mOSi. 7200 bb 
50 pf DS00M33S3NRAAAL DD30500 +20% S3N 33" 20 Suid nee00 pel 
68 pf D680M33S3NRAAAL DD30680 +20% S3N 33" 203, 4,-250" SLL 
82 pf D820M33S3NRAAAL DD30820 +20% S3N 33" 203, 4 c200" 4SLL 
100 pf D101M33Z5URAAEM DD30101 +20% Z5U 33" 20GimA 200 4 OL 
150 pf D151M33Z5URAAEM DD30151 +20% Z5U 33" 2203), 4 .<200" SLL 
200 pf D201M33Z5URAAEM DD30201 +20% Z5U 33" 20s4.e200" > SLL 
220 pf D221M33Z5URAAEM DD30221 +20% Z5U 33" 203"), 2250" » “SLL 
250 pf D251M33Z5URAAEM DD30251 +20% Z5U 33" 2O0Siac 7200. SLL 
270 pf D271M33Z5URAAEM DD30271 +20% Z5U 33" 203% excen0" SLL 
300 pf D301M33Z5URAAEM DD30301 +20% Z5U 33" 203", ,.:200", SLL 
330 pf D331M33Z5URAAEM DD30331 +20% Z5U 33" 203" .250" SLL 
390 pf D391M33Z5URAAEM DD30391 +20% Z5U 33" 200) 2007 OL 
470 pf D471M33Z5URAAEM DD30471 +20% Z5U 33" 203" .250" SLL 
500 pf D501M33Z5URAAEM DD30501 +20% Z5U 33" 206", 2007 LL 
680 pf D681M33Z5URAAEM DD30681 +20% Z5U 33" 203" £260" SLL 
750 pf D751M33Z5URAAEM DD30751 +20% Z5U 33" 200) 8 200. SLL 
820 pf D821M43Z5URAAEM DD30821 +20% Z5U 43" 203") 290% SLE 
001 uf =D1I02M43Z5URAAEM DD30102 +20% Z5U 43" 203") 9.200 (SLL 
0012 pf D122M43Z5URAAEM DD30122 +20% Z5U 43" US ieee OU OLE 
0015 pf D1I52M63Z5URABEM DD30152 +20% Z5U .63" 203 f.0F 0 Le 
002 uf D202M63Z5URABEM DD30202 +20% Z5U .63" 203° for StL 
0022 pf D222M63Z5URABEM DD30222 +20% Z5U .63" 20S 4 .OhOw SOL 
0027 pf D272M63Z5URABEM DD30272 +20% Z5U .63" 206" a0) SOLE 
003 uf D302M63Z5URABEM DD30302 +20% Z5U .63" 203" 375" SLL 
.0033 uf D332M63Z5URABEM DD30332 +20% Z5U 63" 203", 38/9" -oLL 
.0039 pf D392M73Z5URABEM DD30392 +20% Z5U he 200s 6 sOfOn 0 OLL 
.0047 pf D472M73Z5URABEM DD30472 +20% Z5U 13" 0S. Uaolo 4. SLL 
005 uf +=D502M73Z5URABEM DD30502 +20% Z5U to” 203" 23/55 SLL 
01 uf D103M96Z5URABEM DD30103 +20% Z5U 00) 0G eho. | LOL 
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SERIES D ANDS 


50VDC through 6KVDC, EIA Class |, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


STANDARD STOCK ITEMS 
CAR NEW 2). -iDIST Wf cM mMUCARA. = «STC MN MAXICeMAX-USLEADESLEAD™ 
VALUE PART NUMBER PART NUMBER _ TOL. CODE DIA. THICK. SPACE STYLE 
6000 Volt DCW 
p) 10 pf D1O0M66S2LUABAL DD60100 +20% S2L .66" Ace peters foyer +s 
© 15 pf D150OM66S2LUABAL DD60150 +20% S2L .66" ms eer (cpm) ot 
Q 30 pf D300M66S3NUABAL DD60300 +20% S3N 66" 1S" ations Lk 
3 39 pf D390M66S3NUABAL DD60390 +20% S3N — .66" ze FR lm FA ieee 
S' 47 pf D470M66S3NUABAL DD60470 +20% SON 3.00" Bis — ole ak 
9 50 pf D500M66S3NUABAL DD60500 +20% S3N 66" is 9 I pee fs es 
bt) 75 pf D750M66S3NUABAL DD60750 +20% S3N 66" 319-910 Le 
Ss 82 pf D820M66S3NUABAL DD60820 +20% S3N __.66" 1S — aso ae 
= 100 pf D1I01IM6ES3NUAZAA DD60101 +20% S3N _.66" 013". 31D-— pbk 
=v 120 pf D121M66S3NUABAL DD60121 +20% S3N 66” no pies 7 fe emt Bl 
=) 150 pf D1I51M66S3NUABAL DD60151 +20% S3N .66" m3 ees 9 Go eee = 
a 180 pf D181M66Z5UUABEM DD60181 +20% Z5U .66" #9 tC reboots Y kau 
200 pf D201M66Z5UUABEM DD60201 +20% Z5U .66" i gees 9 fo em ie 
220 pf D221M66Z5UUABEM DD60221 +20% Z5U .66" a elie mh is 
250 pf D251M66Z5UUABEM DD60251 +20% Z5U .66" 313" ~ ooo ees 
300 pf D301M66Z5UUABEM DD60301 +20% Z5U .66" m9 ume: VAs eer eS) Bl 
390 pf D391M66Z5UUABEM DD60391 +20% Z5U .66" aS SU ames ff ote ot 
470 pf D471M66Z5UUABEM DD60471 +20% Z5U .66" 1S" ~ oho mOLL 
500 pf D501M66Z5UUABEM DD60501 +20% Z5U .66" mS eee Yee ee) Bt 
750 pf D751M66Z5UUABEM DD60751 +20% Z5U .66" 3:19 ~ —aD ae Obs 
820 pf D821M66Z5UUABEM DD60821 +20% Z5U .66" 313" 045 SeoLL 
001 uf DIO2ZM6EZ5UUABEM DD60102 +20% Z5U .66" 313" — 230 —s Suk 
0012 pf D122M66Z5UUABEM DD60122 +20% Z5U .66" eC eS AG oot) alle 
0015 uf D1I52M66Z5UUABEM DD60152 +20% Z5U .66" AS — iD aa OL 
002 uf D202M76Z5UUABEM DD60202 +20% Z5U BY 1O) e010 nL 
0022 wf D222M76Z5UUABEM DD60222 +20% Z5U 00" eM eee doe = Wt te 
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SERIES D AND $ 


50VDC through 6KVDC, EIA Class |, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


Standard 


SLL 


.031 Maximum rundown 

with exposed ceramic (.010” 
‘ MAXIMUM Max) allowed at tangent line. 
DIAMETER 


125 max 


Disc Leadforms 


SLC 


SOL 


MAXIMUM 


DIAMETER 


[ 


+ 


ae a 


+ 


MAXIMUM 
DIAMETER 


—— 


Seating Plane 


+.031 


Fig 1 leadform 
‘available on all sizes 
and voltages, Bulk 
product only. 


L Leads to be free of coating 
a minimum of 010" above | + 
seating plane 


S 
+.031 


Fig 2 available on 
single disc con- 
struction, 1KV max 
rating, also avail. on 


aoa 


| 
+.031 


Fig 3 available on 
single disc con- 
struction, 1KV max 
rating, also avail. on 


ssopioede7 aiuesag EX) 


Radial T & R. Radial T & R. 
IKC Exposed, solder coated BBC 
electrode. Pie 
MAXIMUM MAXUMUM 
DIAMETER DIAMETER 
Ss ee 5 oe) 
=f 093 Max - Gi 


OKC 
MAXIMUM 
DIAMETER 
187 Max 187 Max 
= Fig 4 available on 
L single disc con- t 
struction, all | 


Fig 5 available on 
single disc con- 
struction, all 


Fig 6 available on 
single disc con- 
struction, on Voltage 


Voltages, Bulk 
S  -! product only. 


+.031 


Note: 1 inch = 25.4 mm 


Form Definition 


SLi= 


Straight Lead, Standard 


SLC = Straight Lead, Controlled Run-down 
SOL = Stand Off Lead 
OKC = Outside Kink 

IKC = Inside Kink 


BBC = Bare Body Construction 


Voltages; this is the 


Sail STANDARD form for 


+031 Radial T & R. 


ratings 12VDC 
5s | through 500VDC, 
+031 Bulk product only. 
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SERIES D AND $ 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors 


WIRE FORMS AND SPACINGS AVAILABLE BY DISC SIZE. 


LeadForm/ Spacing Length 
Packaging Figure (S) (L) AWG/Dia Available on Size P/N Code 
SLL/1 197" 1.00 MIN 92/.025 20 thru 47 MA 
BULK SLL/1 197" 1.00 MIN 24/.020 20 thru 59 MB 
SLL/1 250" 1.00 MIN 22/.025 20 thru 59 AA 
© SLL/1 375" 1.00 MIN 22/.025 29 thru 96 AB 
a SLC/2 497" 1.00 MIN 24/.020 20 thru 59 MD 
= SLC/2 497" 197+.031/-.016  24/.020 20 thru 47 MF 
3 SLC/2 250" 1.00 MIN 22/.025 20 thru 59 BA 
Sg SLC/2 250" 187+.031/—.016  22/.025 20 thru 47 BE 
£ SLC/2 375" 1.50 MIN 22/.025 29 thru 93 BB 
%) SLC/2 375" 187+.031/—.016  22/.025 29 thru 93 BF 
g SOL/3 197" 197+.031/+.016  24/.020 20 thru 47 MM 
ay SOL/3 250" 1.00 MIN 22/.025 20 thru 47 EB 
a SOL/3 250" 165+.031/—.016  22/.025 20 thru 47 EG 
SOL/3 250" 187+.031/-016  22/.025 20 thru 47 EE 
SOL/3 375" 1.00 MIN 92/.025 29 thru 93 EA 
SOL/3 375" 165+.031/-.016  22/.025 29 thru 47 EH 
SOL/3 375" 187+.031/—.016  22/.025 29 thru 93 EF 
OKC/4 250" 1.00 MIN 22/.025 20 thru 47 Gc 
OKC/4 250" 187+.031/-.016  22/.025 29 thru 47 GE 
OKC/4 375" 1.00 MIN 92/.025 40 thru 93 GD 
OKC/4 375" 187+.031/—.016  22/.025 59 thru 93 GF 
IKC/5 197" 197+.031/-.016  22/.025 20 thru 47 MT 
IKC/5 250" 1.00 MIN 22/.025 20 thru 47 FC 
IKC/5 250" 187+.031/-.016  22/.025 20 thru 47 FE 
IKC/5 375" 1.00 MIN 22/.025 59 thru 93 FD 
IKC/5 375" 187+.031/—.016  22/.025 59 thru 93 FF 
BBC/6 250" 1.00 MIN 22/.025 20 thru 47 CA 
BBC/6 250" 165+.031/-.016  22/.025 20 thru 47 CN 
BBC/6 250" 187+.031/-.016... 22/.025 20 thru 47 CE 
BBC/6 375" 1.00 MIN 92/.025 59 thru 93 CB 
BBC/6 375" 165+.031/—.016  22/.025 59 thru 93 CP 
BBC/6 375" 187+.031/-.016  22/.025 20 thru 93 CF 
RADIAL SLC/2 197" HIS 17 to 19.5MM_ 24/.020 20 thru 47 T™ 
elite SOL/3 497" HolS16=.5MM 24/020 20 thru 47 TK 
IKC/5 197" HolS16+.5MM  24/.020 20 thru 47 TH 
SLC/2 250" Ho IS 17 to 19.5MM 24/.020 20 thru 47 TE 
IKC/5 250" HIS16+.5MM __24/.020 20 thru 47 TE 


176 Philips Components ° 7158 Merchant Avenue ° El Paso, TX 79915 * (915) 775-4242 ¢ FAX: (915) 775-4249 


DISC CAP TAPE & REEL 


Note: 1 Inch = 25.4 mm 


=2 mame 


Maximum 
Diameter 
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Maximum 
Diameter 


TAPE & REEL DIMENSIONS 

REFERENCE DIM’S 

DESCRIPTION SYMBOL METRIC DIMENSION IN INCHES 

Body Diameter (Discs) A 12,0Max .476ref 

Body Thickness T 4,0Max .157ref 

Wire Lead Dia. d .45/.65 #24 AWG Cu. p) 
Taping Pitch P 12,7Ref 500ref © 

Feed Hole Pitch (Note 1) Po 12,7 + 0,3 (Note 1) .500ref a 

Feed Hole Off Alignment (200 L/5) P1/P2 Shistey 2= (OL 7/Meictis) 2= i] 48) .152ref/.25ref 3 

Feed Hole Off Alignment (.250L/5) P1/P2 3:10)=-0:6/6:35 =153 pdi22 ==.024/.29'=-.001 S 
Lead Spacing F 5,0 + 0,8/—0.2 16.35 +0.7MM .197ref/.250ref = 9g 
Body Inclination h O2500 0 + .039ref iY) 

Carrier Tape Width W 18,0 + 1,0/—0,5 ./09ref 3 

Adhesive Tape Width Wo 13,0Ref .512ref o 
Feed Hole Ht off Alignment W1 91010 75/—0'5 .354ref ay 
Adhesive Tape Margin W2 640) = SiO) .118ref | 

Straight Lead Height H 17,0Min/19,5Max .67/.76ref “ 

Lead Crimp Height Ho 16,0 +05 .63ref ah 

Top of Component Height H1 23,0Min/32,25Max .91/1.27ref 

Clean, Parallel Lead Length H2 6,Oref .236ref 

Lead End Protrusion 1 2,0Max .078ref im 

Feed Hole Diameter Do 40+0,3 .157ref 

Overall Tape Thickness t 0,9Max .035ref =k oe 

Rejected Component Cut Height L 10,0Max 394ref Note: 


1.1 Inch = 25.4mm 

2. Cumulative pitch tolerance over 
20 consecutive units not to 
exceed +1.0mm. 

3. Dimensions meet requirements 
defined in EIA RS468. 

4.“H2” defines the useable 
portion of the lead for insertion 
equipment purposes: the leads 
in this area to be straight and 
parallel. They shall be @ 90°+3° 
to the top edge of the carrier 
tape and shall also be parallel 

W to each other to within 3° 

Deformation, if any, shall not 

exceed 3° 

H2 is the straight lead portion 

of any formed wire and the 

“Free of coating” area of any 

non-formed wire. 
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% AC FROM 25° C READING 


SERIES D AND S$ 


50VDC through 6KVDC, EIA Class I, Il and Ill, General Purpose 
and Temperature Stable, Ceramic Disc Capacitors | 


DISC CAPACITORS TYPICAL CHARACTERISTICS 


CAPACITANCE VS FREQUENCY 


x A IN CAPACITANCE — REF. kHz 


z A IN CAPACITANCE — REF. kHz 


FREQUENCY IN kHz 
LOV, 


X5F aeccmmmee \5|) @omamame 


ZSU 
CAPACITANCE VS TEMPERATURE 


Meee ee alla 
HONENEs ae 


x AC FROM 25° C READING 


h 
ii 
TAT 


Higa LY 


Bes to 
CCAS 


lia Aaa L 


Pu eae ay 
ABS E EH 


a 


TEMPERATURE IN °C —20 
Z75U 


/\ iy 


Note: Class | Dielectrics vary with temp- 
erature on a PPM/°C basis. See Chart —60 
On disc part number system page. 


ae 

VAAL 
SE 
a 


0 100 200 300 400 
CAPACITANCE VS DC VOLTS VOLTS DC APPLIED 
ALL T.C. meme Y5E ee XS em eee 25V 
X§SP eae eee XSF 75U —— -- —— 
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SERIES S$ 


Gap-Kap; 1000VDC through 3000VDC, Capacitor—Spark—Gap, 


Special Application Ceramic Capacitors ‘y 


DESCRIPTION: 


Series S Gap-Kap® capacitors provide a safe, 
reliable discharge path for stray transient over- 
voltages and static voltage build-up. Combination 
capacitor-spark-gap construction allows the 
circuit designer to specify lower voltage compo- 
nents and consequently lower cost, with the 
assurance that over-voltage conditions will be 
prevented. 

The Gap-Kap® capacitor is ideally suited for many 
industrial and commercial equipment applica- 
tions. A typical application in color TV, utilizes 
a minimum capacitance Gap-Kap® which is 
inserted between the grid lead and chassis 
ground. This protects the control components 
by providing a low impedance path to ground 
for transient voltages of 1500 volts and above. 


SPECIFICATIONS: 


CAPACITANCE RANGE: 

.75pf to .0O2mf. Tested at 1.0+.2VRMS at 1KHz 
s\ oa Pdovet Op 

CAPACITANCE TOLERANCE: 

+10%. +20% or Maximum Value, as listed. 
WORKING VOLTAGE: 

1000, 1500 or 3000 volts DC as listed. 
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ARC VOLTAGE: 

1000-2000, 2000-3000 or 4000-6000 volts DC 
as listed. 

DISSIPATION FACTOR: 

2.5% Max. Tested at 1.0+.2VRMS at 1KHz at 
£2 Ot 

INSULATION RESISTANCE: 

10,000 megohms minimum. Tested at 500 volts 
DC maximum. 

TEMPERATURE CHARACTERISTIC: 

EIA code Z5P or Z5U as listed. See “Capacitance 
vs. Temperature” for specifications. 
OPERATING TEMPERATURE RANGE: 

—55°C.to +85°C 

ENCAPSULATION: 

Phenolic resin. 

LEADS-CONFIGURATION: 


Tinned wire. Type SLL, see drawing for dimensions. 


MARKING: 

Philips Components diamond, Gap-Kap,° capac- 
itance value, capacitance tolerance or code 
letter (K = +10%, M = +20%), working voltage, 
arc voltage and EIA temperature characteristic 
code as space permits GAP-R75 marked with 
arc voltage and trademarks only. 


PACKAGING: Bulk Packed. 
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SERIES S$ 


Gap-Kap,; 1000VDC through 3000VDC, Capacitor—Spark—Gap, 
Special Application Ceramic Capacitors 


GAP — SERIES a 
MAX. 


HEIGHT 
MAX 1.25 MAX 

C) (3,17) 

© TANGENT 

9) LINE 

= 1.0 MIN 

) 

(25,40) pe IS 

re 0,32 (0813) DIA 

st) | a = 

Ss 

sf) S + 063 C/C 

o (1,60) 

s 

S 

7) 

VOLTAGE VOLTAGE 
NEW DIST. CAP WORKING ARC TC MAX. MAX. MAX. LEAD LEAD 

CAP. PART NUMBER PART NUMBER TOL. KVDC KVDC CODE DIA. HT. THICK SPACE STYLE 
Spark-Gap Capacitor 
SES) {0} S758X44000NAZAA  GAPR75 Max Value 1 1-2 : 44" 620!) (250) 3 250neeEos 
.001 mf S102M40Z5PNAZAA GAP102 +20% 1 2-3 Z5P .40" 545" 4.195% Aco Om—a Ses 
.004 mf S402K96Z5PRAZAA GAP402 +10% 3 4-6 Z5P .96".)> 1.060! «216 Ar.375am or 
.01 mf S103M69Z5UNAZAB GAP103 +20% es) 2-3 Z5U .69" 83014 7195) S237 Saeeeouls 
.02 mf S203M93Z5UNAZAA GAP203 +20% 1 2-3 Z5U 93" 1.060" .216°  -<S7 Speers 
*Inherent capacitance of leads, no disc capacitor used. Note: 1 Inch = 25.4 mm 
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SERIES S-UL 


125VAC, 250VAC, and 400VAC, UL, CSA, and VDE Listed 
Ceramic Disc Capacitors 


_ Type DL Capacitors: 
UL: File No. E95439(N) per UL-1414, 250VAC 
CSA: File No. LR61253—4 per CSA C22.2 
Class 2221 01, 125VAC 
VDE: File No. 49936/49937 per VDE 0560 
part 2/5.70, 400VAC 


| Type DM Capacitors: 

UL : File No. E95439(N) per UL-1414, 125VAC 
CSA : File No. LR61253—4 per CSA C22.2 

class 2221 01, 125VAC 
= VDE File No. 53134/55424, 125VAC 

Philips Components safety-recognized Ceramic AC 
Capacitors are designed especially for across- MECHANICAL: 
the-line, antenna-coupling and line-by-pass 'ypical Marking: 
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application. par ctu eee pean 
SPECIFICATIONS: Type Designation 
ELECTRICAL: Safety Approval Mark 
Operating Temperature Range: —30°C to +85°C Encapsulation: Expoxy Resin, 
Capacitance Range: 100 pF to 0.01,yF Flammability 94V-0 
Tested at 1.0 + 0.2V RMS, +25°C and 1KHz. Disc Size and Lead Style: 
Capacitance Tolerance: See Figure Below 
K = £10% (100pF to 330pF) Note: 1 Inch = 25.4mm 
M = +20% 


Z = +80% —20% 
Working Voltage: 
Type DL: 125/250/400VAC, 50/60Hz 
Type DM: 125VAC, 50/60Hz 
Dielectric Strength: 
Type DL: 2500VAC for 60 seconds 
Type DM: 1800VAC for 2 seconds 


Dissipation Factor: 

2.5% max. at 1.0 +0.2V RMS, +25°C and 1KHz 
Insulation Resistance: 

10,000 Megohms min. at 500VDC 
Temperature Characteristics: 

Z5P (also meet Y5P): 100pF up to 330pF 

Z5U (also meet Y5V): over 330pF up to .01 uF 
Others: per UL/CSA/VDE standards 


295 min. 
(7.5) 


031 + 002 


(0.79 + 0.05) 


ne 


INCH 
————— INCH (MILLIMETER) 
(MILLIMETER) 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 


Special Application Series S-UL, CSA, VDE 


S Special Capacitors 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 


is a multiplier as follows: 
1x10 Example: 
2 x 100 102 = 10 x 100 = 
3 x 1000 1000 pF 


Tolerance Code: 
K = 10% 
M + 20% 
P +100/—0% 
Z +80/—20% 


S 102 M 43 Z5U Q AW ST 


.330"Dia x.240"Thick 
43 .430"Dia x.240’Thick 
52 .520"Dia x.240'Thick 
66 .660"Dia x.240'Thick 
73 .730"Dia x.240'Thick 
76 .760"Dia x.240'Thick 
79 .790"Dia x.240'Thick 
86 .860"Dia x.240'Thick 
.960"Dia x.203'Thick 


Temperature Characteristic per EIA RS-198 


Z5P + 10% Max AC 


Z5U +22/—56% Max AC 
both over Temperature Range of 
+10°C to +85°C 


Note: 1 inch = 25.4 mm 


Note: Above Numbering System is for STANDARD PRODUCT. 
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Q 250 VAC, 60Hz 
Y 125 VAC, 60Hz 
Note: Q used for 

400 V per VDE. 


AW Bulk, .250" Spacing, 
1.0" Long, Tinned 
Copper, .032" Dia Wire 

AX Bulk, .375" Spacing, 

1.0" Long, Tinned 

Copper, .032" Dia Wire 


ST UL/CSA/VDE Testing 


SERIES S-UL 


125VAC, 250VAC, and 400VAC, UL, CSA, and VDE Listed 
Ceramic Disc Capacitors 


SERIES S-UL 


STANDARD STOCK LISTING* 


CAPACITANCE 125 VOLT DL (DM) SERIES 
DISTRIBUTOR DISTRIBUTOR 
Value Tolerance NEW PART NUMBER PART NUMBER NEW PART NUMBER PART NUMBER 


+ 10% 
+ 20% 
+ 20% 
+80-20% 
+= 20% 
+80-20% 
+ 10% 
+ 20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+= 10% 
+ 20% 
+ 20% 
+80-20% 
+ 10% 
+ 20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 
+ 20% 
+80-20% 


S101K33Z5PYAWST 
S101M33Z5PYAWST 
S102M43Z5UYAWST 
$102Z43Z5UYAWST 
S103M96Z5UYAXST 
S103Z96Z5UYAXST 

S151K33Z5PYAWST 
S151M33Z5PYAWST 
S152MS52Z5UYAXST 
$152Z52Z5UYAXST 

S182M66Z5UYAXST 
S$182Z66Z5UYAXST 

$221K43Z5PYAWST 
$221M43Z5PYAWST 
S222M66Z5UYAXST 
S222Z66Z5UYAXST 

$331K43Z5PYAWST 
$331M43Z5PYAWST 
S332M/76Z5UYAXST 
$332Z76Z5UYAXST 

S471M43Z5UYAWST 
$471Z43Z5UYAWST 
S472M/6Z5UYAXST 
$472Z76Z5UYAXST 

$512M/76Z5UYAXST 
$512Z76Z5UYAXST 

$561M43Z5UYAWST 
$561Z43Z5UYAWST 
S681M43Z5UYAWST 
$681Z43Z5UYAWST 
S682M79Z5UYAXST 
S682Z79Z5UYAXST 

S822M86Z5UYAXST 
S822Z86Z5UYAXST 


*Other parts available—contact factory representative. 
NOTE: These capacitors should be used per the appropriate UL, CSA or VDE standard. Those standards may differ in test methods. 


Philips Components ¢ 7158 Merchant Avenue « El Paso, TX 79915 ¢ (915) 775-4242 > FAX: (915) 775-4249 


DL 125-101 K 
DL 125-101 M 
DL 125-102 M 
DL 125-102 Z 
DL 125-103 M 
DL 125-103 Z 
DL 125-151 K 
DL 125-151 M 
DL 125-152 M 
DL 125-152 Z 
DL 125-182 M 
DL 125-182 Z 
DL 125-221 K 
DL 125-221 M 
DL 125-222 M 
DL 125-222 Z 
DL 125-331 K 
DL 125-331 M 
DL 125-332 M 
DL 125-332 Z 
DL 125-471 M 
DL 125-471 Z 
DL 125-472 M 
DL 125-472 Z 
DL 125-512 M 
DL 125-512 Z 
DL 125-561 M 
DL ‘125-561 Z 
DL 125-681 M 
DL 125-681 Z 
DL 125-682 M 
DL 125-682 Z 
DL 125-822 M 
DL 125-822 Z 


250/400 VOLT DL SERIES 


S101K33Z5PQAWST 
S101M33Z5PQAWST 
S102M43Z5UQAWST 
$102Z43Z5UQAWST 


S151K33Z5PQAWST 
$151M33Z5PQAWST 
S152M52Z5UQAWST 
$152Z52Z5UQAWST 
S182M66Z5UQAWST 
$182Z66ZS5UQAWST 
$221K43Z5PQAWST 
$221M43Z5PQAWST 
S222M66Z5UQAWST 
S222Z66Z5UQAWST 
$331K43Z5PQAWST 
S331M43Z5PQAWST 
S332M76Z5UQAWST 
$332Z76Z5UQAWST 
S471M43Z5UQAWST 
$471Z 43Z5UQAWST 
S472M76Z5UQAWST 
$4722 76 ZSUQAWST 
$512M76Z5UQAWST 
$512Z76ZS5UQAWST 
S56 1M43Z5UQAWST 
$561Z43Z5UQAWST 
S681M43Z5UQAWST 
$681Z43Z5UQAWST 


DL 250-101 K 
DL 250-101 M 
DL 250-102 M 
DL 250-102 Z 


DL 250-151 K 
DL 250-151 M 
DL 250-152 M 
DL 250-152 Z 
DL 250-182 M 
DL 250-182 Z 
DL 250-221 K 
DL 250-221 M 
DL 250-222 M 
DL 250-222 Z 
DL 250-331 K 
DL 250-331 M 
DL 250-332 M 
DL 250-332 Z 
DL 250-471 M 
DL 250-471 Z 
DL 250-472 M 
DL 250-472 Z 
DL 250-512 M 
DL 250-512 Z 
DL 250-561 M 
DL 250-561 Z 
DL 250-681 M 
DL 250-681 Z 
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SERIES U 


Ultra-Kap; 3VDC through 100VDC, Low Voltage EIA Class IV 


DESCRIPTION: 


Philips Components Ultra-Kap* capacitors provide 
many advantages when compared to ordinary 
ceramic capacitors. Their unique semi-conductor 
design allows for the maximum in capacitance 
while retaining the miniature size required for 
today’s ever decreasing printed circuit board sizes. 


Three types of Ultra-Kap®’s are being offered 


1. 3V: 
These units have the highest capacitance den- 
sity of all disc capacitors; the Standard Toler- 
ance is GMV (+100/—0%); Std TC is Y5T. 

2. Ultra-Kap® |: 
This is the most commonly used Class IV 
capacitor; Standard Tolerance is +/—20%, units 
are also available with +80/—20% tolerance. 


3. Ultra-Kap® Il: 

These units, available with both +/—20% and 
+80/—20% tolerance and with Standard TC of 
YOST, have the advantage of being able to with- 
stand, for up to 5 seconds, a DC Voltage as 
high as twice their rated Voltage. They are also 
available with voltage ratings as high as 100VDC 
and typically they are one Standard Size 
SMALLER than an equivalent UKI for a given 
voltage and Capacitance combination. 
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ELECTRICAL PARAMETERS: 


CAPACITANCE: 
Measured @ 1KHz @ 0.1VRMS max. @ 25°C. 
DISSIPATION FACTOR: 
Measured @ 1KHz @ 0.1VRMS Max. @ 25°C. 
DIELECTRIC STRENGTH: 
Ultra-Kap® |: Rated Voltage 
Ultra-Kap® Il: 200% of Rated Voltage 
INSULATION RESISTANCE: 
Per EIA RS-198C; IR is specified as oo 
MicroFarad Product by Voltage: 

3V Rated Parts: .004MQ,uF 
12V Rated Parts: .04MQ,nF 
16V Rated Parts: .10 MQwuwF 
25V Rated Parts: 1.0MQOyF 
50, 75 and 100V Rated Parts: 10.0 M QO ywF 
Refer to Standard Stock Listing. 
For Standard Stock Part IR ratings, see Listing 
ENCAPSULATION: 
Phenolic Resin, Green colored. 
OPERATING TEMPERATURE RANGE: | 
—55°C to +125°C for 12, 16, 25, 505 75rarm 
100V Rating, 
—55°C to +85°C for 3V Rating. 
MARKING: 


Philips Components Logo (Diamond Shape), Cap 
citance Value (in Micro-Farad or Pico-Farad), E 
Capacitance Tolerance Code, Rated Voltage (f 
Voltage ratings other than 500/600VDC), Ei 
Temperature Characteristic (In this order, as Si, 
permits); 


SERIES U 


PACKAGING: LEADFORMS: 

Both Bulk and Radial Tape and Reel (per EIA Bulk Product available in variety of Forms, 

RS-468) product is available. Taped and Reeled Spacings, Lengths and Wire Diameters. Taped 

product available on 2000 pcs. Reels only. and Reeled Product available with 5MM (.197") 
Nominal Spacing, #24AWG CCS Wire, IKC 
(Standard), SOL or SLC Leads. 


ULTRA-KAP® RANGE CHARTS . 
Size and Electrical Code PY 
Type of UK 3V.-UKI.—s«UKIT.—Ss«UKI.—s«UKil,~SsUKI-~s«UKIT SUKI. s«UKI_sUUKII 3 
Voltage 3 12 12) 16 46. 25UIGIW25iT 50\nac0ne! 175 3 
Voltage Code A B B C Cc E E F F G gy 
Maximum DF 10% 7% 7% 5% 5% 5% 5% 5% 5% 5% 2 
103 20KM 20KH 20KW 20KW 20KW 20NW 27LJ 20LJ 27LJ % 
153 27KH 27KH 27KH 27KU 27KU 27NU 40LJ 27LJ 40LJ . 
183 27KH 27KG 27KG 27KU 27KU 27NU 40LJ 27LJ 40LJ rs} 
223 27KG 27KF 27KF 27KU 27KU 27NU 47LJ 27LU 47LJ ». 
333 O7KF 27KC 27KE 27KU 40KR 27NU 47LJ 40LJ 47LJ 
473 27KC 27JY 40KE 40KY 40KP 4ONY 59LJ 40LJ 59LJ 
EIA 503 27JY 27JY 40KE 40KY 40KP 4ONY 59LJ 40LJ 59LJ 
Re a 683 40KC 27KC 40KD 40KY 47KN 4O0NY 69LJ 47LJ 69LJ 
104 201K 40JY 40KC 47KC 40KY 59KM 4ONY 82LJ 59LJ 69LJ 
154. 29TH 47JY 47KC 59KA 47KM 69KJ 47NM 69LJ 
224 29TH 59JX 5QJX 69JX 59KM 82KG 59NM 82LJ 
334.  40TG 69JW 69JW 82JW 82KM 82NM 
474 40TF 82JUW 82UuW Note: 1 Inch = 25.4 mm 
684  59TE 
105 + 59TD 
225 = 82TB 


The last two digits in this chart represent 
the electrical detail code, needed for 


: P/N assignment; while the first two digits 
mperature Characteristics by T of 
Available Temperature C by Type Aegis aoe Saas 


UK MTL. 
Size Dia. 

EIA EIA EIA Fe RN pO NTT 
TC Ic Tc 20 = .197"dia. 
Code Material Code Material Code Material 27 = .290" dia. 
XSR UKE ss YSP_ UK ZsP__UKI 40 = .400" dia. 
X5S_UKI Y5R__UKI Z5R_ UKI 47 = 472" dia. 
X5T UKI Y5S__UKi Z5S__—-UKI 59 = .590" dia. 

uy UKI 13V. Z5T  UKI,UKII Lise mS 
X5U_ UKI,UKIT = YST —_UKI,UKII, 82 = 820" dia. 
X5V_ UKI,UKII = Y5U _UKI,UKII Z5U__UKI,UKIl 
X7S__-UKI — Y5VUKI,UKIL = Z5V_—_UKI,UKIl 
RO URI OMA0Y: 
X7U_UKI,UKI 
X7V__UKI,UKII 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
ULTRA-KAP® Disc Capacitors 


i a 


U 104 M 40 YSP B TH JY 


U Ultra-Kap Capacitors 


Temperature Characteristic per EIA RS-198 


Third Digit is 
Percent Change 
Allowed 


X -55°C 4 +65°C : pes 
Y -30°C 5 +85°C sae 


0 ° S +22% 
are a eee nak 


; U +22/-56% 
a Oe 99/8904 


Changes in Capacitance are all using the 
25°C Cap. Value as reference Point. 


First Digit Second Digit 
is Lower is Highest 
Temperature | Temperature 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 

is a multiplier as follows: 


2 x100 Example: 
3x1000 104=10x10000= 
4 x10000 100000pF 
5 x100000 


g 
~ 
& 
C) 
ey 
xs | 
g 
= 
p. 


Tolerance Code: 

M +20% 

P +100/-0% (GMV) 
Z +80/-20% 


3VDC 
12VDC 
16VDC 
25VDC 
SOVDC 
75VDC 
100VDC 


.197"Dia x.156"Thick 
29 .290"Dia x.156'"Thick 
39 .394"Dia x.156"Thick 
40 .400"Dia x.156"Thick 
47 .472"Dia x.156"Thick 
59 .590"Dia x.156'Thick 


69 .690"Dia x.156'"Thick Space Length ia. Pack 
.820"Dia x.156’Thick UNA 

"rj rn: .250" 1.0"Min Bulk 

.920"Dia x.156'Thick 375" 1.0" Min Bulk 

Note: 1 inch = 25.4mm 250" _.1e/ ou 


ovo. On Bulk 
.250" .187" Bulk 
SOL bi Oita Bulk 
250) sisi Bulk 
nes) ote Bulk 
200n elvan Bulk 
sSiiey Silke? Bulk 
.250" .146" Bulk 
CHAay" 146" Bulk 
.200" .146" Bulk 
.250" .180" Bulk 
sorhoy .180" Bulk 
.300" .180" Bulk 
.200" 1.00"Min Bulk 
.200" 1.00"Min Bulk 
2505 Ho-18MM Tapeé&Reel 
250; Ho-16MM Tape&Reel 
.200" Ho-16MM Tape&Reel 
.200" Ho-16MM Tapeé&Reel 
.200" Ho-18MM Tapeé&Reel 


Note: Above Numbering System is for STANDARD PRODUCT. 
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SERIES U 


Ultra-Kap; 3VDC through 100VDC, Low Voltage EIA Class IV 


DIST. 


PART NUMBER 


UK104 
UK224 
UK474 
UK105 
UK225 


UK12503 
XXUK12503 
UK10-503 
UK12104 
XXUK12104 
UK10-104 
UK12204 
UK12474 
XXUK1 2474 


UK16103 
XXUK16103 
UK16223 


XXUK16223 


UK16333 
XXUK16333 
UK16503 
XXUK 16503 
UK16683 
UK16104 
XXUK16104 
UK16154 
XXUK16154 
UK16204 
XXUK16204 
UK16304 
XXUK16304 


NEW 

CAP. PART NUMBER 
Ultra-Kap 3 Volt DCW Y5T 
.1 mf U104P20Y5TAAATK 
22 mf U224P40Y5TAAATH 
.47 mf U474P40Y5TAAATF 
1.0 mf U105P59Y5TAABTD 
2.2 mf U225P82Y5TAABTB 
12 Volt DCW Y5S 
.05 pf U503M29Y5SBAAJY 
.05 uf U503M29Y5SBTHKC 
05 uf U503M29Y5SBBEJY 
05 uf U503Z29Y5SBAAJY 
1 uf U104M40Y5SBAAJY 
uf U104M40Y5SBTHJY 
Bi U104M40Y5SBBEJY 
1 uf U104Z40Y5SBAAJY 
2 pf U204M59Y5SBABJX 
.2 pf U204Z59Y5SBABUX 
A7 uf U474M82Y5SBABJT 
47 uf U474M82Y5SBBFUT 
7 uf U474Z82Y5SBABJT 
16 Voit DCW Y5S 
.01 yf U103M20Y5SCAAKH 
01 uf U103M20Y5SCBEKH 
022 uf U223M29Y5SCAAKF 
022 uf U223M29Y5SCBEKF 
033 uf U333M29Y5SCAAKF 
033 pf U333M29Y5SCBEKF 
05 uf U503M39Y5SCAAKE 
05 uf U503M39Y5SCBEKE 
068 uf U683M40Y5SCAAKD 
1 yf U104M47Y5SCABKC 
1 uf U104M47Y5SCBFKC 
15 uf U154M59Y5SCABKA 
15 uf U154M59Y5SCBFKA 
.2 pt U204M69Y5SCABUJX 
.2 pf U204M69Y5SCBFJX 
3 pf U304M82Y5SCBFJW 
3 uf U304M82Y5SCABJW 

5 Volt DCW Y5S 
01 pf U103M20Y5PEAAKW 
01 uf U103M20Y5PETHKW 
01 uf U103M20Y5PEBEKW 
022 uf U333M40Y5PEAAKR 
022 uf U223M29Y5PEBEKF 
033 pf U503M40Y5PEAAKP 
033 pf U333M40Y5PEBEKR 
105 pf U223M29Y5PEAAKU 
05 uf US503M40Y5PETHKP 
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UK25103 
XXUK25103 
UK25223 
XXUK25223 
UK25333 
XXUK25333 
UK25503 


CAP. 
TOL. 


GMV 
GMV 
GMV 
GMV 
GMV 


+20% 
+20% 
+20% 
+80-20% 
+20% 
+20% 
+20% 
+80-20% 
+20% 
+80-20% 
+20% 
+20% 
+80-20% 


+20% 
+20% 
+20% 
+£20% 
+20% 
£20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 
+20% 


+20% 
+20% 
+20% 
£20% 
+20% 
+20% 
+20% 
+20% 
+20% 


MAX. 
DIA. 


20" 
.40" 
.40" 
09" 
O2e 


432) 
(29. 
A 
wigs 
40" 
.40" 
40" 
.40" 
09" 
99" 
82" 
82" 
82" 


20% 
20" 
roe 
ma be 
Be he 
129" 
.39" 
oo” 
.40" 
47" 
47" 
09" 
09" 
.69" 
69% 
oar 
OZ 


.20" 
20" 
aye 
20: 
20" 
40" 
.40" 
40" 
40" 


STANDARD STOCK LISTING 
MIN. 
IR. 
MAX. LEAD LEAD MEG MAX. 
THICK. SPACE STYLE OHMS D.F. 
-1907 .250" SLL 04 10% 
.190" .250" SLL .02 10% 
1,90" 250" SLL .008 10% 
.156" 375" SLL .004 10% 
2156” 375" SLL .002 10% 
A156" .250" SLL 0.5 7% 
.140" .200" IKC* 0.5 7% 
.156" 290" SLC 0.5 7% 
156" 200" SLL 0.5 7% 
.156" 200" SLL 0.5 7% 
.140" .200" IKC* 0.5 7% 
- 156" .250" SLC 0.5 7% 
156" .250" SLL 0.5 7% 
156" 375" SLL 0.4 7% 
.156" 3/5" SLL 0.4 7% 
.156" 375" SLL 0.2 7% 
.156" 315" SLC 0.2 7% 
.156" 375" SLL 0.2 7% 
156" .250" SLL 5.0 5% 
156" 200" SLC 5.0 5% 
156" 200. SLL 3.0 5% 
.156" 200" SLC 3.0 5% 
156" 250" SLL 3.0 5% 
156" 290" SLC 3.0 5% 
106" 200" SLL 2.0 5% 
.156" "200" SLC 2.0 5% 
156" 200" SLL UES) 5% 
156" 375" SLL 1.0 5% 
156" 375" SLC 1.0 5% 
.156" 375" SLL 6 5% 
.156" 315" SLC 6 5% 
156" 15" SLL 4 5% 
ETO. 3/5. SLC A 5% 
156" 315" SLL 3 5% 
.156" 375" SLC 3 5% 
156" .250" SLL 65 5% 
.140" .200" IKC* 65 5% 
156" 200" SLC 65 5% 
. 156" 200" SLL 45 5% 
156" .250" SLC 45 5% 
156" 200" SLL 30 5% 
156" 290" SLC 30 5% 
156" .250" SLL 20 5% 
.140" .200" IKC* 20 5% 
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SERIES U 


Ultra-Kap’ 3VDC through 100VDC, Low Voltage EIA Class IV 


STANDARD STOCK LISTING 
MIN. 
LR. 
NEW DIST. CAP. MAX. MAX. LEAD LEAD REG MAX 
CAP PART NUMBER PART NUMBER TOL. DIA. THICK. SPACE STYLE OHMS D.F 
05 uf U503M40Y5PEBEKP XXUK25503 +20% .40" LOOn 2502 SLC 20 5% 
05 uf U503Z40Y5PEAAKP = +80-20%  .40" LOO" 200} SLL 20 5% 
.068 pf U683M47Y5PEAAKN UK25683 +20% 47" OG! .250" SEL nD 5% 
.068 jf U683M47Y5PEBEKN XXUK25683 +20% Ale 15On .250" SLC 15 5% 
slept U104M59Y5PEABKM UK25104 +20% NS) LOOM Oo" SLL 10 5% 
bya U104M59Y5PEBFKM XXUK25104 +20% Be) 5 (fee) SON SLC 10 5% 
A uf U104Z59Y5PEABKM - +80-20% .59" sey SO SLL 10 5% 
15 uf U154M69Y5PEABKJ UK25154 +20% .69" a kolols ofa): SEE 6 5% 
15 pf U154M69Y5 PEBFKJ XXUK25154 +20% .69" .156" <5! SLC 6 5% 
.2 pf U204M82Y5PEABKG UK25204 +20% 1624 .156" <OFD" SLL 4 5% 
2 pf U204Z82Y5PEABKG ~ +80-20% .82" .156" cH Ac SLL 4 5% 
50 Volt DCW Y5P 
01 uf U103M29Y5PFAALJ UK50103 +20% .29" OOM POY SLL 1000 5% 
01 uf U103M29Y5PFTHLJ — +20% eo .140" .200" iKC* 1000 5% 
01 uf U103M29Y5PFBELJ XXUK50103 +20% 29" OL 200), SLC 1000 5% 
015 yf U153M40Y5PFAALJ UK50153 +20% .40" nlLOOL .250" SLL 1000 5% 
015 uf U153M40Y5PFBELJ XXUK50153 +20% .40" .156" VASO SLC 1000 5% 
022 uf U223M47Y5PFAALJ UK50223 +20% 47" aetey .250" SLL 1000 5% 
022 pf U223M47Y5PFBELJ XXUK50223 +20% 47" .156" .250" SLC 1000 5% 
033 uf U333M47Y5PFABLJ UK50333 +20% LS .156" 3/5" SLL 1000 5% 
033 pf U333M47Y5PFBFLJ XXUK50333 +20% 47" sleyey OLOL SLC 1000 5% 
.047 pf U473M59Y5PFABLJ UK50473 +20% 09"! LOOs sey SLL 1000 5% 
.047 uf U473M59Y5PFBFLJ XXUK50473 +20% O9F OOD SOF SLC 1000 5% 
.05 pf U503M59Y5PFABLJ UK50503 +20% OME OOM O75" SLL 1000 5% 
.05 pf U503M59Y5PFBFLJ XXUK50503 +20% OOP noo RYAsY SLC 1000 5% 
.068 uf U683M69Y5PFABLJ UK50683 +20% .69" HOO! 13/55 SLL 1000 5% 
.068 pf U683M69Y5PFBFLJ XXUK50683 +20% .69" .156" OOn SLC 1000 5% 
lstat U104M82Y5PFABLJ UK50104 +20% O2u .156" Shey SLL 1000 5% 
1 uf U104M82Y5PFBFLJ XXUK50104 +20% {eye .156" sei Sy SLC 1000 5% 
Ultra-Kap Il 75 Volt DCW Y5U 
01 uf U103Z29Y5UGAAPK UKZ75103 +80-20% .29" nlOGw OM SLL 5000 5% 
018 uf U183Z40YSUGAAPK UKZ75183 +80-20%  .40" .156" ASE SLE 5000 5% 
022 uf U223Z47Y5UGAAPK UKZ75223 +80-20% .47" LOO T2500 SLL 5000 5% 
.033 pf U333Z59Y5UGABPK UKZ75333 +80-20%  .59" nhOOK OOu SLL 5000 5% 
al) fi U104Z69Y5UGABPK UKZ75104 +80-20% .69" wloOM SAS! SLL 5000 5% 
100 Volt DCW Y5T 
01 pf U103M29Y5THMBLK = +20% 29" stele aleve i 5000 5% 
* Tape & Reel Packaging 
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METAL 
ELECTRODE —~ 


% AC FROM 25°C READING —_—> 


~—6hM% A CAFACIIANCE 
REF. 1 kHz 


SOLDER 


Ss 


SERIES U 


Ultra-Kap® 3VDC through 100VDC, Low Voltage EIA Class IV 


ULTRA-KAP® DISC CAPACITOR CHARACTERISTICS 


DIEFECTRIG ——. 


LAYER 


TYPICAL CHARACTERISTICS 
CAPACITANCE VS TEMPERATURE 


St LENO, 


Ultra-Kap | 3V 
Ultra-Kap 112V 
Ultra-Kap | 16V & 25V 
Ultra-Kap | 50V 


Ultra-Kap Il 12V, 50V & 75V 


CAPACITANCE VS FREQUENCY 


Thin dielectric layers on a semiconducting ceramic 
base are formed in four steps; (1) Formulation of 
green ceramic body, (2) Firing the green ceramic 
in an oxidizing atmosphere to form a dielectric 
body, (3) Chemically reducing this body to pro- 
duce semiconducting properties by heating ina 
reducing atmosphere, (4) Reoxidation of the 
ceramic surface to form a thin dielectric layer by 
firing in an oxidizing atmosphere. 


CAPACITANCE VS DC VOLTAGE 


s4opigedey) a2101e4139 Nu 


% A OF CAPACITANCE 


(Gs 44s 5 10 15 20 25 
DC VOLTS 


Ultra-Kap | 3V 
Ultra-Kap 1 12V A= 6 ees 
Ultra-Kap | 16V & 25V Sess 
Ultra-Kap | 50V see eee 
Ultra-Kapill12Vi SOV.& 75 ere sew eee 


CAPACITANCE VS FREQUENCY 


50 


Ultra-Kap | 3V 
Ultra-Kap 1 12V 
Ultra-Kap | 16V & 25V 
Ultra-Kap | 50V 


% A CAPACITANCE 
REF. 1 kHz 


1 10 100 


FREQUENCY IN kHz 
WiresKan NT 2V 9 WP aa eee ete: 


Ultra-Kap Il 50V a ee 
Ultra-Kap Il 75V eee 
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SERIES R 


50VDC AND 100VDC, Temperature Compensating and General 
2 Purpose Ceramic Plate Capacitors 


DESCRIPTION: 


Series R Single Plate Capacitors are radial leaded, 
conformal coated capacitors; they are similar to 
disc capacitors except for their rectangular shape 


and non-noble metal electrodes. 


They may be used as direct replacements for disc 


or multi-layer capacitors of equivalent ratings. 


Significant cost savings are possible, particularly 
for low cap value and/or tight tolerance applications. 


ELECTRICAL SPECIFICATIONS: 


CAPACITANCE: 

.68pF to .O22uF, per Range Chart; Standard Parts 

are shown in P/N Stock Listing. 

CAPACITANCE TOLERANCE: 

Depends both on Capacitance Value and Temp. 

Char., as shown below: 

Value < 10pF: + .25 pF any TC 

Bae > 10pF: + 2% for TC’s other than Y5P and 
Ne 

Y5P TC: + 10% for all values. 

Z5V TC: +80/—20% for all values. 
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DISSIPATION FACTOR: 

3.5% Maximum for Y5P and Z5V TC’s. 

.15% Maximum (C = greater than 50pF) or .15 
[(15/C) + .7]% maximum 

(C = < 50 pF) for all others. 

STANDARD CAP. AND 

DF MEASUREMENT CONDITIONS: 

Y5P and Z5V: Measure @ 1 +.1 KHz, 1 =.1VRMS, 
@ (or referred to) 20°C. 

All Others: Measure @ 1 + .1 MHz, @ 1.2 VRMS 
Max, @ (or referred to) 20°C. 

CAPACITANCE MARKING: 

Marked in pF for units below 100 pF with “p” 
denoting the decimal position; for units 100 pF 
and above, the NANO Farad is used, with “n’ 
denoting the decimal position. 

WORKING VOLTAGE: 

Z5V: 50VDC 

All Others: 100VDC (500 VDC also available) 
DIELECTRIC STRENGTH: 

250% of Rated Working Voltage. 
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CERAMIC CAPACITOR PART NUMBER SYSTEM 
SINGLE PLATE CAPACITORS 


R 101 G 33 COG H WG AP 


R Plate Capacitors 


F 50VDC 
Class Ill, Z5V 


AP Class | Part 
SP Class Il or Ill 


Size Width Height 
13.142" Max .248" Max 
23 .177" Max .288" Max 
33 .201" Max .311" Max 
43 .244" Max 354" Max 
.244" Max .441" Max 


s4opizedey) 21esag 


H 100VDC 
All Others 


CAPACITANCE VALUE 
First two digits are 
significant, third digit 

is a multiplier as follows: 


Example: Space Length Form Packing 


2 x100 101=10x10= 


wc 100" .500"Min Flange Bulk 1K Pcs 

3 x1000 100pF WD —.200".~=—s—.157+.020" Flange Bulk 1K Pcs 
9x1 569 = 56 x .1 = WE 100"  .157+.020" Flange Bulk 1K Pcs 
9.6 pF WF 200" —-.500"Min Flange Bulk 1K Pcs 


WG .200" Ho-18MM Flange Tape&Reel 4K 
WH .100" Ho-18MM Flange Tape&Reel 4K 


All with .023" (.6MM) Dia Tinned Copper Leads 


Tolerance Code: 
C +.25pF (<10pF) 

G +2% (Class I> 10pF) 

‘K £10% (Class Il, YSP) 

Z +80/-20% (Class Ill, Z5V 


Note: 1 Inch = 25.4 mm 


Code Temperature EIA Colorband 
Characteristic Class Marking 


) 


M7J P100+120/-40PPM Red/Violet 
COG NPO+30PPM Black 
U1G NO75+30PPM Red 

P2G N150+40PPM Orange 


| 
| 
| 
R2H N220+40PPM | Yellow 
| 
| 
| 


S2H N330+60PPM Green 

apa N470+60PPM Blue 

U2J N750+120PPM Violet 

P3K N1500+500/-OPPM | Orange/Orange 
Y5P +10%AC -30°C to +85°C II Yellow 


+22/-82%AC +10 to +85°C Green 
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SERIES R 


50VDC AND 100VDC, Temperature Compensating and General 
Purpose Ceramic Plate Capacitors 


OPERATING TEMPERATURE RANGE: 

—OOVU lO Gr Oo O: 

50% Voltage De-Rating @ 125°C. 

90% Insulation Resistance De-Rating @ 125°C. 


INSULATION RESISTANCE: 
Measured @ Rated Voltage @ 25°C. 
Y5P and Z5V: 1000MegQ Minimum 
All Others: 1000MegQ. Minimum 


EIA Temperature Color 


© Code Characteristics (C= > 22pf) Code TEMPERATURE —~ 
5 M7J P100 + 120/-40PPM Red / Violet sisi Nie 
5 COG NPO + 30PPM Black CAPACITANCE a 
MARKING we i a 

3 U1G NO75 + 30PPM Red 
ce) P2G N150 + 40PPM Orange 
Ft) R2H N220 + 40PPM : Yellow 
3 S2H N330 + 60PPM Green 

2 ‘ oe 
S U2J N750 + 120PPM ‘Violet CAPACITANCE 
a P3K N1500 + 500/-OPPM Orange/Orange nos 


Note: 1 Inch = 25.4 mm 


Y5P _ +10% AC from -30°C to +85°C Yellow _ 
Z5V_—_—_—-+.22/-82% AAC from +10 to 85°C Green _ 


SIZE CHART: MILLIMETERS SIZE CHART: INCHES 


Size Code W (Max.) H (Max.) Size Code W (Max.) H (Max.) 
13 3.6 6.3 13 142 .248 
23 4.5 tos 23 a Wo .288 
33 Bal 7.9 33 .201 ote 
43 6.2 9.0 43 244 354 
53 6.2 11,2 53 244 441 
SINGLE PLATE CAPACITORS: (Other Parts Available—See Range Chart) 
NEW CAP. SIZE LEAD LEAD 
CAP. PART NUMBER TOL. VDCW CODE SPACING PACK’G LENGTH 
1.0 pF R109C13M7JHWCAP 11419) 0} 100 ike .100" BULK .50" MIN 
Weyele R159C13M/7JHWCAP “P= PASO} 100 1k .100" BULK .50" MIN 
2.2 PF R229C13COGHWCAP CODE 100 13 .100" BULK .50" MIN 
PAIA9) R279C13COGHWCAP sr 45) 9) 100 ils .100" BULK .50" MIN 
Pall 10) R279C13COGHWCAP aC ODt 100 13 POU BULK .50" MIN 
ro) Ole R339C13M7JHWCAP 20D 100 13 .100" BULK .50" MIN 
3.9 pF R399C13COGHWCAP =P 48) OF] 100 13 .100" BULK .50" MIN 
3.9 pF R399C13U2JHWCAP ap ae43) 0} | 100 13 OO BULK .50" MIN 
4.7 pF R479C13COGHWCAP A425) 9} | 100 ike! .100" BULK .50" MIN 
al i (ole R479C13U2JHWCAP a —PAS) OFF 100 13 .100" BULK .50" MIN 
5.6 pF R569C13COGHWCAP COD 100 13 .100" BULK 50" MIN 
5.6 pF R569C13U2JHWCAP ar —=-749) 0) 100 13 .100" *~BULK .50" MIN 
6.8 pF R689C13COGHWCAP == 715/03) 100 13 .100" BULK .50" MIN 
6.8 pF R689C13U2JHWCAP t= 2Opt 100 13 1LOOr BULK .50" MIN 
8.2 pF R829C13COGHWCAP OO 100 is .100" BULK .50" MIN 
8.2 pF R829C13U2JHWCAP OOO 100 ils .100" BULK .50" MIN 
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SERIES R 


50VDC AND 100VDC, Temperature Compensating and General 
Purpose Ceramic Plate Capacitors 


SINGLE PLATE CAPACITORS: (Other Parts Available—See Range Chart) 


NEW CAP. SIZE LEAD LEAD 

CAP. PART NUMBER TOL. VDCW CODE SPACING PACK’G LENGTH 

10 pF R100G13COGHWCAP gee 0 100 13 100" BULK .50" MIN 

10 pF R100G13COGHWFAP 270 100 13 .100" BULK .50" MIN eo) 
10 pF R100G13P2GHWCAP t= 200 100 13 .100" BULK .50" MIN ® 

10 pF R100G13U2JHWCAP aie0 100 13 OO! BULK .90" MIN a 

12 pF R120G13COGHWCAP +—2% 100 13 .100" BULK 90" MIN = 

12 pF R120G13COGHWFAP 7 240 100 13 .100" BULK 90" MIN Ray 
12 pF R120G13P2GHWCAP 1 =240 100 13 OOs BULK 90" MIN © 

12 pF R120G13CU2JWCAP sing 0 100 13 .100" BULK .50" MIN C) 
1S pF R150G13COGHWCAP saeCO 100 13 .100" BULK 90" MIN 2 

solr R150G13COGHWFAP r= 100 13 OOw BULK 90" MIN et) 

15 pF R150G13P2GHWCAP ree 0 100 13 .100" BULK .90" MIN Q. 
15 pF R150G13U2JHWCAP ci 20 100 13 .100" BULK .90" MIN S 
18 pF R180G13COGHWCAP ae 0 100 13 100" BULK .50" MIN m5 

18 pF R180G13COGHWFAP +—2% 100 13 100" BULK .50" MIN a 

18 pF R180G13P2GHWCAP ae 0 100 13 .100" BULK .50" MIN 

18 pF R180G13U2JHWCAP = 100 13 .100" BULK .90" MIN 

22 pF R220G13COGHWCAP +—2% 100 13 .100" BULK .00" MIN 

22 pF R220G13COGHWFAP stew /0 100 13 OO! BULK .90" MIN 

22 pF R220G13P2GHWCAP +—2%40 100 13 .100" BULK 90" MIN 

22 pF R220G13U2JHWCAP Bae 2/0 100 13 .100" BULK 90" MIN 

27 pF R270G13COGHWCAP += 2% 100 13 wOOF BULK 50" MIN 

27 pF R270G13COGHWFAP 1 =ANO 100 13 .100" BULK .90" MIN 

27 pF R270G13P2GHWCAP ee0 100 13 MOO” BULK 50" MIN 

27 pF R270G13U2JHWCAP ci 200 100 13 .100" BULK .00" MIN 

33 pF R330G13COGHWCAP aie 0 100 13 .100" BULK .90" MIN 

33 pF R330G13COGHWFAP 140 100 13 .100" BULK .90" MIN 

33 pF R330G13P2GHWCAP +—2% 100 13 100" BULK .90" MIN 

33 pF R330G1 3U2JHWCAP fie 20 100 13 .100" BULK .90" MIN 

39 pF R390G23COGHWCAP r= 100 13 OO! BULK .50" MIN 

39 pF R390G23COGHWFAP e200 100 13 .100" BULK .00" MIN 

39 pF R390G23P2GHWCAP 24/0 100 13 100" BULK .90" MIN 

39 pF R390G13U2JHWCAP Ge 27/0 100 13 OOF BULK .90" MIN 

47 pF R470G33COGHWFAP cay 0 100 13 mlOO® BULK 50" MIN 

47 pF R470G23P2GHWCAP tO 100 13 .100" BULK .00" MIN 

47 pF R470G13U2JHWCAP sie 200 100 13 .100" BULK .00" MIN 

96 pF R560G33COGHWFAP a = 206) 100 13 OOM BULK .50" MIN 

56 pF R560G33P2GHWCAP +—2% 100 13 OO: BULK .00" MIN 

96 pF RS560G23U2JHWCAP sta 20 100 13 .100" BULK 50" MIN 

68 pF R680G23COGHWFAP ae. 100 13 .100" BULK .90" MIN 

68 pF R680G33P2GHWCAP Fee 200 100 13 .100" BULK 50" MIN 

68 pF R680G23U2JHWCAP ree 20/0 100 13 .100" BULK .50" MIN 

82 pF R820G23COGHWFAP NG 100 13 .100" BULK .90" MIN 

82 pF R820G43P2GHWCAP = 206 100 13 .100" BULK .90" MIN 

82 pF R820G23U2JHWCAP a 24/0 100 13 .100" BULK .00" MIN 

100 pF R101G33COGHWFAP aimee O 100 13 100" BULK .50" MIN 
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SERIES R 


50VDC AND 100VDC, Temperature Compensating and General 
Purpose Ceramic Plate Capacitors 


NEW CAP. VDCW SIZE LEAD LEAD 
CAP. PART NUMBER TOL. VDCW CODE SPACING PACK’G LENGTH 
100 pF R101G33P2GHWCAP gta 2u/0 100 33 .100" BULK 50” MIN 
100 pF R101G23P3KHWCAP T2010 100 23 100" BULK .50" MIN 
100 pF R101G23U2JHWCAP +=2%0 100 23 .100" BULK .50" MIN 
Sy 120 pF R121G23P3KHWCAP ‘29/0 100 23 .100" BULK .50" MIN 
g 150 pF R151G23P3KHWCAP +—2% 100 23 .100" BULK .50" MIN 
gy 180 pF R181G23P3KHWCAP +—2% 100 23 .100" BULK .50" MIN 
a 220 pF R221G33P3KHWCAP 2/0 100 33 100" BULK .50" MIN 
S' 270 pF R27 1G33P3KHWCAP +—2% 100 33 100" BULK .50" MIN 
9 330 pF R331G43P3KHWCAP +—2% 100 43 100" BULK .50" MIN 
gy 390 pF R391G43P3KHWCAP +t=250 100 43 .100" BULK .50" MIN 
3S 470 pF R471G53P3KHWCAP +—2% 100 53 .100" BULK .50" MIN 
= 560 pF R561G53P3KHWCAP 20/0 100 53 100" BULK .50" MIN 
=o .001 uF R102K23Y5PHWFSP +—10% 100 23 .200" BULK .50" MIN 
8 .001 uF R102K23Y5SPHWGSP eas OO 100 23 .200" T&R .50" REF 
PD 01uF- R103Z23Z5VFWFSP 80/20% 50 23 .200" BULK .50" MIN 
O1--pF R103Z23Z5VFWGSP 80/20% 50 23 .200" T&R SOLRER 


Mechanical Specifications. 
(ALL DIMENSIONS IN MILLIMETERS) 


DETAIL “A” Ho 


17 min 
19.5 max 


13 +0,25 
-00 


e— 06 Dia 


Leadlength 


TAPE AND REEL DETAIL “B” 


1,2 +01 


Pitch for both 2,54 and 5,08 leadspacing is 12,7MM (£ 


Degassing groove Quantity per reel is 4000 Pcs. 
DETAIL “A” | ' t | 
2,54 


-0,2 

MECHANICAL P/N CODES 
PRODUCT LEAD LEAD P/N 
FOR : 

one SPACING LENGTH CODE Extended Conversion Factors 
BULK 2,54 13MIN WC Ono Wcheeae 1001 

ne: nen = . mm 

B 

ek aus 440, WD One mm = .03937 Inch 
BULK 2,54 4+05 WE 
BULK 508 13MIN WEF 
T&R 2,54 N/A WH 
T&R 508 N/A WG 
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SERIES R 


S0VDC AND 100VDC, Temperature Compensating and General 
Purpose Ceramic Plate Capacitors 


SINGLE PLATE CAPACITORS: RANGE CHART AND MARKING CODES 


[Designation (re) | wry | coG | wie | pac | man | sow | rv | vay | pox | vp | Zev 
[Voltage (0c) Rating | 100v | 100v | toov | 100v | tov | toov | 1oov | tov | toov | sov | sov 
[Electrical Class Code | ap | ap _|_ap_| ap | ap | ap | ap | ap | ap | sp | sp | 
[cepinpr [ Marking | size | Sie | size | Sie | Sue | sie | sie | Sue | Sie | Sie | Size 


s40vizede) 21mes3g 


NOTE: 500 VDC available 
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SERIES T 


5KVDC through 20KVDC RF RATED, Transmitting, Special 
Applications Ceramic Capacitors 


DESCRIPTION: 


Philips Components RF Rated, ceramic transmit- 
ting capacitors are designed primarily for use in 
applications where very high RF currents, high 
KVA ratings and high working voltages exist. 
Special capacitor design reduces terminal self- 
inductance to permit higher frequency operation. 
A humidity resistant silicone coating and long 
flashover path assures safe, high voltage opera- 
tion in free air. Units also feature stable tempera- 
ture-capacitance characteristics and rugged 
mechanical construction for maximum reliability. 
The 850-Series capacitors are extensively used 
in transmitters, antennas, induction heaters, 
X-ray, diathermy and electronic welding equipment. 


SPECIFICATIONS 


CAPACITANCE RANGE: 

3pf to .001mf. Tested at 0.5 to 5.0 volts RMS, 
listed Test Freq. and +25°C. 

CAPACITANCE TOLERANCE: 

+ 10% or + 20% as listed. 

WORKING VOLTAGE: 

5,000, 7,500, 15,000 or 20,000 volts DC as listed. 
DISSIPATION FACTOR (D.F): 

0.1% to 1.5% maximum as listed. Tested at 0.5 to 
5.0 volts RMS, listed Test Freq. and +25°C. 


196 


DIELECTRIC STRENGTH: 

150% of rated Working Voltage. 

INSULATION RESISTANCE: 

10,000 megohms minimum. Tested at 1000 volts 
DC maximum. 

TEMPERATURE COEFFICIENT OR 
CHARACTERISTIC: 

NPO, N750, N3300 or ElA code X5T, X5U as listed. 
OPERATING TEMPERATURE RANGE: 

55°C to +85°G. 

HUMIDITY PROTECTION: 

Silicone coated. (850S, 857, 858S and 859S 


series) 

LEADS: TERMINALS: 
Tinned Wire. Silver Plated. 
MARKING: 


Philips Components Part Marking, catalog 
number, capacitance value, capacitance toler- 
ance, working voltage and temperature coeffi- 
cient or EIA temperature characteristic code. 
PACKAGING: 

Individually wrapped or bulk packaged, one per 
cavity in protective nest. 

CAUTIONS IN HANDLING: 

These capacitors are round and will roll off a 
table or desk if layed on their sides. Do not touch 
terminals of charged units. 
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SERIES T 


5KVDC through 20KVDC RF RATED, Transmitting, Special 
Applications Ceramic Capacitors 


8530, 8540, 8550 — SERIES 859S — SERIES 


: MAX. 
#18 AWG .040 0 eae 


aaa Gay (76.20) 
2.000 + 0.62 | 
jj} — D 


(50,80 + 1,57) 


© 
1.5 MIN. wt 
(38,10) 1.968 + .093 0 875 % 
(4998 + 2,36) (22,22) e 
S 
% 
853A, 854A, 855A — SERIES 3S 
10-32 NF-2 THD gy 
437 (11,09) DEEP Ly) 
BOTH ENDS ~L 
ee 
is) 
oy | 
2-56 NC-2 THD. oo 
93 (2,36) DEEP : 
BOTH ENDS 
8570 — SERIES 
850S, 858S — SERIES eerie 


890 MAX. 
(22,60) 


(47.90) 


625 + .031 
(15,87 + 0,78 


1.312 + .062 
(3332 + 157) 


750 + .062 


1.87 + 0750 
(19,05 + 1,57) 


(3014 + 1,90) 


6-32 NC-2 THD 
187 (4.75) DEEP 
BOTH ENDS 
10-32 NF-2 THD. 
250 (6,35) DEEP, 


BOTH ENDS 
LENGTH DIA. 
SERIES in. 
+.031 
INCH (MILLIMETER) 
INCH Note: 1 Inch = 25.4 mm 


(MILLIMETER) 
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SERIES T 


5KVDC through 20KVDC RF RATED, Transmitting, Special 
Applications Ceramic Capacitors 


STANDARD STOCK LISTING: 

NEW DIST. CAP. VOLTAGE TEMP. MAX. TEST 
CAP PART NUMBER PART NUMBER TOL. DCW PLUS COEF/ D.F. FREQ. 

HF PEAK EIA CODE 

8530, 8540, 8550—Series Wire Leads 
3 pf T309K99C0GT8550 855-3Z +10% 5,000 NPO 0.217% 1 MHz 
5 T509K99COGT8550 855-5Z +10% 5,000 NPO 0.200% 1 MHz 
10 T100K99U2JT8550 855-10N +£10% 5,000 N750 0.167% 1 MHz 
10 T100K99COGT8540 854-102 +10% 5,000 NPO 0.167% 1 MHz 
20 T200K99C0GT8530 853-20Z +10% 5,000 NPO 0.120% 1 MHz 
40 T400K99U2JT8530 853-40N +10% 5,000 N750 0.100% 1 MHz 
853A, 854A, 855A—Series Threaded Terminals 
3 pf T309K99COGT855A 855A-3Z +10% 5,000 NPO 0.217% 1 MHz 
8) T509K8S9COGT855A 855A-5Z £10% 5,000 NPO 0.200% 1 MHz 
10 T100K99COGT854A 854A-10Z +10% 5,000 NPO 0.167% 1 MHz 
20 T200K99U2JT854A 854A-20N +10% 5,000 N750 0.120% 1 MHz 
40 T400K99U2JT853A 853A-40N +10% 5,000 N750 0.100% 1 MHz 
850S, 858S—Series Threaded Terminals 
25 pf T250K99COGV850S 850S-25Z +10% 7,500 NPO 0.1% 1 MHz 
50 T500K99C0GV850S 850S-50Z _ 10% 7,500 NPO 0.1% 1 MHz 
50 R500K99U2JV850S 850S-50N +10% 7,500 N750 0.1% 1 MHz 
15 T750K99U2JV850S 850S-75N +10% 7,500 N750 0.1% 1 MHz 
100 T101K99U2JT850S 850S-100N +10% 5,000 N750 0.1% 1 MHz 
500 T501M99X5TT858S 858S-500 +20% 5,000 X5T 1.5% 1 KHz 
.001 mf T102M99X5UT858S 858S-1000 +20% 5,000 X5U 1.5% 1 KHz 
8570—Series Threaded Terminals 
25 pf T250K99COGW8570 857-252 +10% 15,000 NPO 0.1% 1 MHz 
50 T500K99COGW8570 857-50Z +10% 15,000 NPO 0.1% 1 MHz 
100 T101K99U2JW8570 857-100N £10% 15,000 N750 0.1% 1 MHz 
200 T201K99U2JV8570 857-200N +10% 7,500 N750 0.1% 1 MHz 
859S—Series Threaded Terminals 
50 pf T500K99C0GZ859S 859S-50Z +£10% 20,000 NPO 0.1% 1 MHz 
100 T101K99CO0GZ859S 859S-100Z +10% 20,000 NPO 0.1% 1 MHz 
250 T251K99U2JZ859S 859S-250N +10% 20,000 N750 0.1% 1 MHz 
500 T501K99S3NW859S 859S-500N +10% 15,000 N3300 0.2% 1 MHz 


TYPICAL RF CHARACTERISTICS 

Data is based on not exceeding the maximum For operation in an air stream, multiply the R.F. 
rated voltage (‘*” readings) or a 30°C maximum MAX. AMPS by specific Fan Factor to obtain 
rise above a 25°C ambient in still air. allowable higher current rating. Rated Working 
Reactive power ratings (KVAR) are calculated from Voltage must not be exceeded. 

voltage limited currents. 
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SERIES T 


SKVDC through 20KVDC RF RATED, Transmitting, Special 


Applications Ceramic Capacitors 


1 MHz 10 MHz 30 MHz FAN FACTORS 
R.F. R.F. R.F. FEET PER MINUTE 

CATALOG MAX. Q MAX. Q MAX. Q 

NUMBER AMPS KVAR_ TYP. AMPS KVAR TYP. AMPS KVAR TYP 50 100 250 650 
855-32 0.066* 0.23 2,000 0.66* 2.3 5,000 1.4 3.2 5,000 1.15 1.3 1.7 2.6 
855-5Z 0.11* 0.38 5,000 a1" 3.8 5,000 1.6 2.8 2,000 1.15 £1. 1.7 2.6 
855-10N 0.22* 0.78 10,000 1.7 4.2 10,000 2.3 2.9 7,00 1.15 1.3 1.7 2.6 
854-10Z 0.22* 0.78 10,000 1.8 5.4 10,000 2.1 2.3 7,900 1.1 1.2 1.4 1.8 
853-20Z 0.44* iS 9,000 2.7 5.6 4,500 2.8 2.0 4,300 1.1 1.2 1.4 1.8 
853-40N 0.89* 3.1 15,000 4.4 7.7 15,000 3.5 1.7 3,900 1.1 1.2 1.4 1.8 
855A-3Z 0.066* 0.23 2,000 0.66* 2.3 5,000 1.4 3.2 5,000 1.15 1.3 1.7 2.6 
855A-5Z 0.11* 0.38 5,000 aa ig 3.8 5,000 1.6 2.8 2,000 1.15 1.3 1.7 2.6 
854A-10Z 0.22* 0.78 10,000 1.8 5.4 10,000 2.1 2.3 7,500 1.1 1.2 1.4 1.8 
854A-20N 0.44* 1.55 7,000 3.1 7.5 12,000 3.4 3.0 15,000 = 1.1 1.2 1.4 1.8 
853A-40N 0.89* 3.1 15,000 4.4 7.7 15,000 3.5 1.7 3,500 1.1 1.2 1.4 1.8 
850S-25Z 0.84* 4.4 4,300 3.1 6.1 4,000 5.6 6.6 4,800 1.1 1.3 1.6 2.4 
850S-50Z a 8.9 7,000 4.2 5.6 4,200 7.6 6.0 3,000 1.1 1.25 1.6 2.3 
850S-50N nthe 8.9 7,000 5.0 7.9 7,600 8.5 7.7 4,000 1.1 1.25 1.6 2.3 
850S-75N 2.5* 13.2 14,000 6.2 8.1 5,900 9.0 5.6 3,700 «1.1 1.25 1.6 2.3 
850S-100N 3.4 19.0 15,000 7.3 8.7 9,000 9.2 4.6 2,000 1.1 125 1.6 2.3 
858S-500 1.1 0.39 300 2.5 0.21 120 3.0 0.1 55, — 1.1 nee 1.4 2.0 
858S-1000 1.4 0.3 200 3.1 0.15 - 3.7 0.076 = 1.1 1.2 1.4 2.0 
857-252 1.7* 18.5 5,000 6.2 22.0 4,000 6.7 8.6 8,000 115 1.3 1.6 1.9 
857-50Z 3.3* 35.4 4,000 7.4 18.0 4,500 8.1 7.1 3,000 1.15 1.3 1.6 1.9 
857-100N 4.6 35.0 6,500 12.0 22.0 6,500 15.0 11.1 4000 115 1.3 1.6 1.9 
857-200N 5.1 23.0 5,000 8.5 6.2 4,000 15.0 6.0 2,000 1.15 13 1.6 1.9 
859S-50Z 3.1 31.5 5,000 10.4 36.0 6,200 16.2 28.8 5,000 1.15 1.3 1.7 2.3 
859S-100Z 3.8 23.5 4,500 12.9 27.4 4,500 19.4 20.6 3,000 1.15 1.3 1.7 2.3 
859S-250N 9.2 52.0 5,000 13.0 11.0 3,000 35.0 25.0 1000 115 1.3 1.7 2.3 
859S-500N 6.7 14.0 3,800 14.0 5.9 800 23.0 5.4 - 1.15 1.3 1.7 2.3 
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CERAMIC CAPACITOR KITS 


KIT-100MK-A RADIAL LEADED MULTILAYER MONO-KAP® CAPACITORS 


KIT-100MK-A contains a wide assortment of the characteristics, COG (NPO), X7R, Z5U. 39 values, 
most popular radial leaded Mono-Kap multilayer ranging from 10pf to 2.2mfd, in four tolerances 
capacitors in three industry standard temperature 50 and 100VDC Ratings. j 


CAP. QTY. ~—-VDC CAT. NO. CAP. QTY. VDC CAT. NO. ) 
CG we 5 10 K100K1SCOGHVAWA 022mf 5 50 K223K20X7RFVBWE 
® i2pi——s- 100 K120K15COGHVAWA 033 mf 5 50 K333K20X7RFVBWG 
a pf 5 100 _K150K15COGHVAWA 047 mf 5 50 K473K20X7RFVBWJ 
3 18pf 5 ~——100 K180K1S5COGHVAWA 068 mf 5 50 K683K20X7RFVBWL 
SG 2p 5 100 _K220K15COGHVAWA imf 10 «50 K104K20X7RFVBWN 
Q wr 8 100 K270K1SCOGHVAWA jae 50 K104M20X7RFVBWN 
9 33pf 5 100 K330K1SCOGHVAWA a 100 K104K30X7RHVCWN 
a Fp oS OO K470K1SCOGHVAWA 5 fe EEE K224K30X7RFVCWT 
Q sep 5 100 KS60KISCOGHVAWA 33mi 5 50 K334K30X7RFVCWW 
ee esp 5 100 _K680K1SCOGHVAWA A7mf 5 50 K474K40X7RFVCWY 
S eee 100 KB20K1SCOGHVAWA ss isC«CB MCCS 50 K684K40X7RFVCXB 
© 100pf 10 100 —K101K15COGHVAWA 10mf 5 50 K105K50X7RFVHXD 
1200pf 5 | 100  — _K121K1SCOGHVAWA ss. mf SSS K105MS50X7RFVHXD 
150pf 5 ‘100 -KISIKISCOGHVAWA «0022 mF 5 K222M15Z5UFVAWA 
220 pF 5, 100 K221K15SCOGHVAWA (0033 mf 5 100 K332M15Z5UHVAWA 
330pf 5 100 ——_—~«K331K1SCOGHVAWA 0047 mf 5 100 K472M15Z5UHVAWA 
470pf 5 100 K471K20COGHVBWA 0068 mf 5 50 K682M 15Z5UFVAWA 
680pf 5 100 ‘K681K20COGHVBWA si mFS 10—S‘100 K103M15Z5UHVAWA 
820 pf 5 100° K821K20COGHVBWA O1mt 5 100 K103Z15ZSUHVAWA 
001 mf 10 100 K102K20COGHVBWA O1mf 10 50 K103M15Z5UFVAWA 
0015mf 5 100 ——_—~«KIS2K20COGHVBWA— i—i(‘i‘ FC CSO K103Z15Z5UFVAWA 
O1mf 10 50 ——~«K103J30COGFVCWA 022m 5 50 K223M15Z5UFVAWE 
O1mt 10 50 K103K30COGFVCWA— i—ti«‘«iz MF CSCO K333M15Z5UFVAWG 
150-pf 5 100 -KIS1K15X7RHVAWA OT mf 5S —s100=S—SS—siK473M20Z5UHVBWAJ 
220 pf 5 100 K221K15X7RHVAWA 047mf 5 «50 K473M20Z5UFVBWJ 
330pf 5 100 —«KS31KISX7RHVAWA COAT MES 50 K473Z20Z5UFVBWJ 
470 pf 5 100. -K471K15X7RHVAWA o68mf 5 50 K683M20Z5UFVBWL 
680pf 5 100  _K681K15X7RHVAWA i Amf 10 100 K104M20Z5UHVBWN 
O0imf 5 100 _—~K102K1SX7RHVAWA Amt 5 100 -—~«K104Z20Z5UHVBWN 
0o1mf 5 100 -K102M15X7RHVAWA imf 10 ‘50 K104M20Z5UFVBWN 
0015mf 5 —_100 _K1S2K15X7RHVAWA mf SS 50 K104Z20Z5UFVBWN 
0022mf 5 100° K222K15X7RHVAWA 15mf 5 50 K154M20Z5UFVBWR 
0033 mf 5 100 _K332K15X7RHVAWA 22mt 5 50 K224M20Z5UFVBWT 
0047 mf 5 100 —«K472K1SX7RHVAWA 33m 5 50 K334M30Z5UFVCWW 
0056 mf 5 100 K562K15X7RHVAWA A7mt 5 50 K474M30Z5UFVCWY 
0068 mf 5 100 K682K20X7RHVBWA  68mf 5 50 K684M30Z5UFVCXB 
O1mf 10 50 K103K15X7RFVAWA 10mf 10 50 K 105M30Z5UFVCXD 
O1mt 10 50 K103M15X7RFVAWA 10mt 5 50 K105Z30Z5UFVCXD _ 
Oimf 5 100 K103K20X7RHVBWA Ombre SU eent100 K105M40Z5UHVCXD 
O15 mf 5 50 ——_~«K153K15X7RFVAWC . 2.2mt 5 50 K225M40Z5UFVCXF 


.100” Spacing, #24 AWG. 
.200” Spacing, #24 AWG. 
.400” Spacing, #22 AWG. 


.100” Spacing, #26 AWG. 


A 
B 

Cc 

H 


200 Philips Components ° 7158 Merchant Avenue ° El Paso, TX 79915 * (915) 775-4242 ¢ FAX: (915) 775-4249 


CERAMIC CAPACITOR KITS 


KIT-110MG-A AXIAL LEADED MULTI-LAYER MONO-GLASS* CAPACITORS 


KIT-110MG-A contains a wide assortment of the characteristics, COG (NPO), X7R, Z5U. 37 values, 
most popular axial leaded Mono-Glass multilayer ranging from 10pf to .47mf in four tolerances, 
capacitors in three industry standard temperature 5OWVDC Rating. 


CAP, QTY. ~—VDC CAT. NO. CAP Qty. ~—~-VDC CAT. NO. 
1opi 5 50  G100J17COGFVXWA iw mt 10—S—«S0S—S—S~SC« 102 M1 7X7RFVXWAA 
12pf 5 50 ——-G120J17COGFVXWA «wc mF 50 «GG 152K17X7RFVXWA 
Spi 5 50 —_—_—-G150J17COGFVXWA net sopesinreyeneoey. 50S G222K17X7RFVXWA 
18pf 5 50 — G180J17COGFVXWA iw mF 5 50———S«G 8K 17X7RFVXWA 
22pf 5 50 —-G220J17C0OGFVXWA—is—~«é«~OOAT MS 50 G472K17X7RFVXWA 
Brits ary Sekinne) 50 G270J17C0GFVXWA 0S MF 5 50S—S—SC«S BK 17X7RFVXWA 
33 pi, 2025: 50. -—s«G330J17COGFVXWA sis MF 5 —sCSOSS—S—S—~S~SC«BK 1 7X7RFVXWA 
47pi 5 50 —s«G470J17COGFVXWA si mF 20S G103K17X7RFVXWA 
s6pf 5 50 ss GS60J17COGFVXWA si mf 20S—siSS—S—~S~SC=S« 108 M17 XZ RFVXWAA 
68pf 5 80 GBBOUITCOGFVXWA 1S mf 5801S 3K20X7RFVXWC 
B2pi 5 50 ~~ G820J17COGFVXWA 022mf 5 50 G223K25X7RFVXWE 
100pf 10 50. —G101J17COGFVXWA si MF 5 CSOSSC~*~*~*C« BK QXZRFVXWGG 
120pf 5 50 —Ss«G121J17COGFVXWA— ——s—i«‘<i‘ AT mB CSSC~*~*C«BKOXZRFVXWYJ 
180pf 5 50 ———s«G1S1J17COGFVXWA Cis MCS 50 G683K30X7RFVXWL 
Poe iuneodenenen 50 OO bbGeeTs17COGFYKWA 1) Ama av20" 50 G104K30X7RFVXWN 
SSP DIS? Ling! = 50 G331J17COGFVXWA mf Ss 20S—s50—S—~SCS« 104M OX7ZRFVXWNN 
470ph 5 50 —— G471JU17COGFVXWA 0047 mf 5 50. G472M17Z5UFVXWA. 
680pf 5 50 -—-«s« G6B2J17COGFVXWA_ «iw MF 5S 50s GBM 7ZSUFVXWA 
s20pi 5 50 - GB21N25COGFVXWA iC 20S G103M17Z5UFVXWA 
001m 10 50 G102J25COGFVXWA O1mf 20 50 __G103Z17Z5UFVXWA | 
0015 mf 5 50 G152J30COGFVXWA iw mFS _G223M17Z5UFVXWE 
GO RBM Boao em nQeree = G222J30COGFVXWA ei peel ene G333M17Z5UFVXWG 
0033mf 5 —_—-50 G332J30C0OGFVXWA iT mf SS 8SSSCSABM'7ZBUF XW 
0047mf 5 50 ~—«G472J40COGFVXWA iT mE G473Z17Z5UFVXWJ 
068m 5 50 — G682J40C0GFVXWA CGB MES 50 —« G683M25Z5UFVXWL 
150 pf 5 50. G151K17X7RFVXWA. —Amf 20, 50S 1041 7Z5UFVXWN- 
220ph 5 50 ~~ G221K17X7RFVXWA Ami 20. 50.~—«G104217Z5UF VXWN- 
330ph 5 50 G331K17X7RFVXWA LE ent 50" G154M30Z5UFVXWR 
470 pf 5 50 ——«G471K17X7RFVXWA 22mi 5 50 ~~ G224M30Z5UFVXWT 
680 pf 5 50 G681K17X7RFVXWA =. eae G334M40Z5UFVXWwW 
001m 10 50  — —_G102K17X7RFVXWA ATmt 5 50 -—«G474M40Z5UF VXWY_ 
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CERAMIC CAPACITOR KITS 


KIT-63L-A LOW VOLTAGE DISCS a 


KIT-63L-A contains a popular assortment of low voltage Ultra-Kap® and general purpose ceramic dis 
capacitors. Units are offered in 3 to 100 volt DC ratings in 14 different values from .005 mf to 1.01% 


CAP, QTY. ~—-VbC CAT. NO. CAP, QTY. ~—-vpc CAT. NO. 

22mt 5 3 U224P40Y5TAAATH 1mf 15 25 U104MS59Y5PEABKM 
Q wm 5 3 U474P40YSTAATF Biri eS 25 U204M82Y5PEABKG 
® 10m 5 3 U105P59Y5TAABTD O1mf 15 50 U103M29Y5PFAALJ 
g  .05mt_—10 12 US03M29Y5PBAAJY 022m 5 50 U223M47Y5PFAALJ 
3 1m 10 12 U104M40Y5PBAAJY _ 033mf 5 50 U333M47Y5PFABLJ 
So 2m 5 12 _ U204MS59Y5PBABUX 047mf 5 «50 U473M59Y5PFABLJ 
Q wm 5 2 U474M82Y5PBABJT O5mf 5 50 _ USO3M59Y5PFABLJ 
S om 15 16 U103M20Y5PCAAKH 1mf 5 50 U104M82Y5PFABLJ 
3 022mf 5 16 _—_—~ U223M29YSPCAAKF O1mf 15 75 __U103Z29YSUGAAPK 
,05,tifanex5) mules 18 __US03M40Y5PCAAKE Amt == 5 75104269 YSUGABPK 
AY AanhvaciylGne 2118 U104M47Y5PCABKC CO mt CS 100 _ U103M29Y5THMBLK 
5S 2m 5 16 U204M69Y5PCABMX 005mf 5 100 D502M29Z5VHAAEU 
2 “uheans 16 U304M82Y5PCABJW _ ___ egIEIONTS | "ONEIOO _D103M39Z5VHAAEU 

O1mt 15 25 _U103M20Y5PEAAKW O2mt 5 100 _D203MS59Z5VF’;BEU 

22 pi Opaen es U223M29Y5PEAAKU 025 mt 5 100 D253M59Z5VHABEU 

033mt 5 25 U333M40Y5PEAAKR j 05mf 5 100 D503M69Z5VHABEU 

05mt 10 25 US03M40Y5PEAAKP ; imf 5 100. ~——«S104M72Z5VHAZAA 


KIT-70H-A HIGH VOLTAGE DISCS 
KIT-70H-A features a well balanced stock of high voltage, ceramic disc capacitors. Units include 
3000 and 6000 volt DC rated discs in 33 values from 4.7pf to .005mf. A complete assortment of 
Philips Components GAP-KAP“, combination capacitor—spark-gap is also included in the kit. 


CAP. QTY. VDC CAT. NO. CAP. QTY. VDC CAT. NO. 

4.7 pf 2 3000 D479M33S2LRAAAL 15 pf 2 6000 D150M66S2LUAZAA 
47 pf 2 3000 D470M33S3NRAAAL 50 pf 2 6000 D500M66S3NUABAL 
68 pf 2 3000 D680M33S3NRAAAL _ 75 pf 2 6000 D750M66S3NUABAL 
82 pf 2 3000 D820M33S3NRAAAL 100 pf 2 6000 D101M66S3NUAZAA 
100 pf 2 3000 D101M33Z5URAAEM _ 120 pf 2 6000 D121M66S3NUABAL 
150 pf 2 3000 D1SIM33ZSURAAEM 150 pf 2 6000 D151M66S3NUABAL 
220 pf 2 3000 D221M33Z5URAAEM a 200 pf 2 6000 D201M66ZSUUABEM 
270 pf 2 3000 D271M33Z5URAAEM : _ 250 pf 2 6000 D251M66ZS5UUABEM 
390 pf 2 3000 D391M33Z5URAAEM 300 pf 2 6000 D301 M66ZSUUABEM 
470 pf 2 3000 D471M33Z5URAAEM 470 pf 2 6000 D471M66ZSUUABEM 
500 pf 2 3000 D501M33Z5URAAEM 500 pf 2 6000 D501M66Z5UUABEM 
680 pf 2 3000 D681M33Z5URAAEM 750 pf 2 6000 D751M66ZS5UUABEM 
750 pf 2 3000 D751M33Z5URAAEM 820 pf 2 6000 D821M66ZSUUABEM 
820 pf 2 3000 D821M43ZS5URAAEM 001mf 2 6000 D102M66Z5UUABEM 
001 mf 2 3000 D102M43Z5URAAEM 0015 mf 2 6000 D152M66Z5UUABEM 
0015 mf 2 3000 D152M63Z5URABEM 002mf 2 6000 D202M76Z5UUABEM 
002 mf 2 3000 D202M63Z5URABEM 0022 mf 2 6000 D222M76Z5UUAZAA 
0022 mf 2 3000 D222M63Z5URABEM .75 pf* 2 1000 S758X44000NAZAA 
003 mf 2 3000 D302M63Z5URABEM O01 mim 2 1000 S102M40Z5PNAZAA 
.0033 mf 2 3000 D332M63Z5URABEM 004 mf* 2 3000 S402K96ZSPRAZAA 
0047 mf 2 3000 D472M73Z5URABEM Ol imni 22 1000 S103M69Z5UNAZAB 
005 mf 2 3000 D502M73Z5URABEM 02: mir 2 1000 S203M93Z5UNAZAA 
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CERAMIC CAPACITOR KITS 


KIT-66T-A TEMPERATURE COMPENSATING DISCS 


KIT-661-A provides a balanced stock of temperature compensating ceramic disc capacitors. Discs 
are offered in NPO, N750 and N1500 temperature coefficients in 24 different values from 1.5pf to 220pf. 


CAP. QTY. VDC CAT. NO. CAP. QTY. vDC CAT. NO. 
1.5 pf 2 600 D159D20COKLAAAA 120 pf 2 600 D121J47COGLABAA 
2.2 pf 2 600 D229D20COKLAAAA 5 pf 2 600 DS509D20U2JLAAAA 
3.3 pf 2 600 D339D20COJLAAAA 10 pf 2 600 D100J20U2JLAAAA 
4.7 pf 2 600 D479D20COJLAAAA 15 pf ie 600 D150J20U2JLAAAA 
6.8 pf 2 600 D689D20COHLAAAA 22 pf 2 600 D220J20U2JLAAAA 
10 pf 5 600 D100J20COGLAAAA 25 pf 2 600 D250J20U2JLAAAA 
15 pf 5 600 D150J20COGLAAAA 27 pf 2 600 D270J20U2JLAAAA 
20 pf 2 600 D200J20COGLAAAA 33 pf Zz 600 D330J29U2JLAAAA 
22 pf 2 600 D220J29COGLAAAA 47 pf 2 600 D470J29U2JLAAAA 
25 pf 2 600 D250J29COGLAAAA 68 pf 2 600 D680J39U2JLAAAA 
27 pf 2 600 D270J29COGLAAAA 75 pf 2 600 D750J39U2JLAAAA 
| 33 pf 5 600 D330J29COGLAAAA 100 pf 2 600 D101J39U2JLAAAA 
47 pf 2 600 D470J40COGLAAAA 100 pf 2 600 D101J39P3KLAAAA 
50 pf 2 600 D500J40COGLAAAA 120 pf Z 600 D121J39P3KLAAAA 
68 pf 2 600 D680J40COGLAAAA 150 pf 2 600 D151J47P3KLAAAA 
75 pf 2 600 D750J40COGLABAA 180 pf 2 600 D181J47P3KLAAAA 
82 pf 2 600 D820J40COGLABAA 200 pf 2 600 D201J59P3KLABAA 
100 pf 5 600 D101J40COGLABAA 220 pf 2 600 D221J59P3KLABAA 


KIT-60D GENERAL PURPOSE DISCS 


| KIT-60D offers an assortment of the most widely used general purpose, ceramic disc capacitors. Discs 
include both 600 and 1000 volt DC ratings in 36 different values from 5pf to .05mf. 
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CAP. QTY. VDC CAT. NO. CAP. QTY. vDCc CAT. NO. 

5 pf 5 1000 D509K20S2LNAAAL 390 pf pf 5 1000 D391K20Z5FNAAEM 
10 pf 5 1000 D100K20S2LNAAAL 470 pf 5 1000 D471K20Z5FNAAEM 
15 pf 5 100¢ D150K20S2LNAAAL 500 pf iS 1000 D501K29Z5FNAAEM 
20 pf 5 1000 D200K20S2LNAAAL 680 pf 5 1000 D681K29Z5RNAAEM 
22 pf 5 1000 D220K20S2LNAAAL 820 pf 5 1000 D821K29Z5FNAAEM 
25 pf 5 1000 D250K29S2LNAAAL .001 mf 15 1000 D102K29Z5FNAAEM 
33 pf 5 1000 D330K29S2LNAAAL .001 mf 10 1000 D102P29Z5UNAAEM 
47 pf 5 1000 D470K29S2LNAAAL 0015 mf 5 1000 D152K39Z5RNAAEM 
50 pf 5 1000 DS500K29S3NNAAAL .002 mf 10 1000 D202M39Z5UNAAEM 
68 pf S) 1000 D680K29S3NNAAAL 0022 mf 5 1000 D222M39Z5UNAAEM 
100 pf 10 1000 D101K29S3NNAAAL .003 mf 5 1000 D302M39Z5UNAAEM 
120 pf 5 1000 D121K29S3NNAAAL 0047 mf 5 1000 D472M47Z5UNAAEM 
150 pf 5 1000 D151K29S3NNAAAL .005 mf 5 1000 D502P59Z5UNABEM 
180 pf 5 1000 D181K29S3NNAAAL .005 mf 10 1000 D502M47Z5UNAAEM 
200 pf 10 1000 D201K29S3NNAAAL 0068 mf 5 1000 D682M59Z5UNABEM 
220 pf 5 1000 D221K20Z5FNAAEM .01 mf 5 1000 D103P69Z5UNABEM 
250 pf 5 1000 D251K20Z5FNAAEM .01 mf 15 1000 D103M59Z5UNABEM 
270 pf A) 1000 D271K20Z5FNAAEM .01 mf 5 600 D103P59Z5ULABED 
300 pf 5 1000 D301K20Z5FNAAEM .02 mf 5 600 D203Z69Z5ULABED 
330 pf 5 1000 D331K20Z5F NAAEM .05 mf 5 600 S503Z85Z5ULAZAA 
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CERAMIC CAPACITOR KITS 


KIT-120MA-A ACIAL LEADED MULTI-LAYER MONOAXIAL® CAPACITORS 
2 KIT-120MA-A contains a wide assortment of the characteristics, COG (NPO), X7R, Z5U, 89 values 
© 


most popular axial leaded MonoAxial® multilayer ranging from 10 pf to .47 mf in four tolerances 
capacitors in three industry standard temperature 50 and 100 WVDC rating. | 


DISTRIBUTOR DISTRIBUTOR 

CAP. QTY VDC PARTNUMBER CAP QTY VDC PARTNUMBER 

: 10 pf 59 100 A40A100J .0015 mf 59 100 £A41A152K 
S 15 pf 5 100 A40A150J .0022 mf 9 100 A41A222K 
?) 18 pf 5 100 A40A180J .0033 mf <, 50 = =A41C332K 
= 22 pf 9 100 A40A220J .0047 mf <) 50 A41C472K 
8. 27 pf 59 100 A40A270J_ .01 mf 40 50 A41C103K 
Q 33 pf 5 100 A40A330J_ .015 mf 5 590 = =A41C153K 
pS 47 pf 5 100 $A40A470J .022 mf 5 50 = =A41C223K 
68 pf 9 100 A40A680J .033 mf D 50 = =©A410333K 

82 pf 59 100 A40A820J .047 mf S) 50 =A41C473K 

100 pf 10 90 A40C101J_ .1 mf 40 50 A41C104K 

150 pf 5 50 = A40C151J_— .01 mf 20 50 A43C103M 

220 pf 2) 90 A40C221J .01 mf 20 S90 = A43C0103Z 

330 pf ro) 90 = =A40C331J .022 mf 2) 50 A43C223M 

470 pf 5 90 A40C471J .033 mf 2) 50 A43C333M 

680 pf 2 90 A40C681J .047 mf fs) 50 A43C473M 

001 mf 10 90 A40C102J .047 mf 2) 90 A43C473Z 

220 pf oF pstOOie A4TA2Z2Z1K a1 mit 40 50 A43C104M 

330 pf 9 100 A41A331K_ .1 mf 40 S50 = =A43C0104Z 

470 pf 9 100 A41A471K_ .22 mf e, 50 = =A43C224M 

680 pf 9 100 A41A681K_ .33 mf 5 50 A43C334M 

001 mf 20 100 A41A102K_ .47 mf F<) S50 = =A43C474Z 


ALSO AVAILABLE FROM YOUR PHILIPS COMPONENTS AUTHORIZED DISTRIBUTOR. 
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CERAMIC CHARACTERISTICS 


PHILIPS COMPONENTS 


EIA Designations Of Temperature Characteristics And 
Tolerances For Ceramic Capacitors 
CAPACITANCE TOLERANCE CODES 


EIA Tolerance EIA Tolerance 


+0.15 pF +10% 
+0.1 pF +15% 
+0.25 pF +20% 


+0.5 pF +380% 
+1% or +1 pF GMV or -0%, +100% 
+2% or +2 pF —20%, +40% 
+2.5% —20%, +50% 
+5% —20%, +80% 


SL) I 'C) Cn 


TEMPERATURE CHARACTERISTICS 
GENERAL APPLICATION CAPACITORS 


Maximum Capacitance Change Over Temperature Range 


+1 .0%P +10% 
+H1.5%R +15% 
+2.2% +22% 
ame Wows —33%, +22% 
+4.7% —56%, +22% 
+7 5% 82%, +22% 


Minimum Minimum 
Temperature Temperature 


Example: X7R means a max. cap. change of +15% over the temperature range of —55°C to +125°C 


TEMPERATURE COMPENSATING 
CAPACITORS 


C BONG 


‘Temperature Coefficient in ppm/°C 
Significant Figures 


Tolerance 
in ppm/°C 


=| 


Example: COG is 0+30ppm/°C. 
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GLOSSARY 


AC: 
Alternating Current 


Aging: 

The Capacitance Value of Class Il, Ill and IV 
ceramic capacitors decreases with age. This 
decrease, which is very rapid for the first few 
hours, diminishes with time and becomes almost 
imperceptible after about one month. 


Bias Voltage: 

A voltage, usually DC, used to set the operating 
point of a circuit above or below a reference 
voltage. 


Blocking Capacitor: 

A capacitor which limits the flow of DC or low 
frequency AC without materially affecting the flow 
of high frequency AC. 


By-pass Capacitor: 
A capacitor which provides a low impedance 
path around a circuit element. 


Capacitance: 

The property of a system of two or more con- 
ductors which permit it to store electrical energy 
in an electrostatic field between them. The elec- 
trical capacity for ceramic capacitors is measured 
in either uF (micro-farad, which is 10 ° farad) of 
pF (pico-farad, or uF which is 10 * farad). 
The formula for capacitance in a system of two 
plates, as in a single disc construction ceramic 
disc capacitor, is: 

C in pF = .2249 KA/t or (KA)/(4.45t), where 

K is the dielectric constant of the material separa- 
ting the two electrodes 

A is the surface area in square inches where the 
two electrodes overlap 

t is the dielectric thickness in inches 

This formula disregards edge effects which for 
materials with dielectric constants of approxi- 
mately 1000 or greater may be disregarded for 
practical purposes. 

From the above formula, one may see that the 
Capacitance of any unit is directly proportional 
to the electrode area (diameter for discs and 
length and width, as well as number of layers, 
for multilayers) and the dielectric constant of the 
material, and inversely proportional to the thick- 
ness of the ceramic. Since different manufac- 
turers of ceramic capacitors employ different 
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dielectric materials, with different dielectric con- 
stants, it can be easily understood why differ- 
ences in size for a given capacitance value occur. 


Capacitive Reactance (X.): 
Opposition offered to the flow of alternating cur- 
rent by a capacitor or any unit having capacitance. 


Coupling Capacitor: 
A capacitor used to transfer signals of a specific 
frequency from one circuit to another circuit. 


Curie Point: 

In ferro electric dielectrics, the temperature(s) at 
which the dielectric constant reaches peak values. 
At the curie point temperature(s) the crystal form 
is changing from cubic to tetragonal. Manufac- 
turers use modifiers in their specific ceramic 
formulations to shift curie points such that the 
rapid change in capacitance value which nor- 
mally occurs around the curie point will have no 
effect on the specified characteristics of the capa- 
citor over its specified temperature range. 


Dielectric Constant (K) (Permitivity): 

The ratio of the ability of a dielectric material to 
store electrostatic energy to that stored by a 
vacuum as the dielectric utilizing the same 
electrode system. 


Dielectric Strength (Dielectric Withstanding 
Voltage) (DWV) 

This is the maximum potential gradient that a 
dielectric can withstand before it ruptures or a 
conductive path is formed through (or around) 
it. Since the dielectric strength is affected by 
many factors, its measurement will result in large 
variations unless the conditions of test are 
standardized. 

DWV testing of unencapsulated units of voltages 
around 1KVDC and higher are generally not rec- 
ommended, unless special design criteria are 
used to prevent arc-over between the electrodes 
through the air surrounding the part. 


Dissipation Factor 

The dissipation factor of a capacitor is the ratio of 
energy dissipated to energy stored in the dielec- 
tric. DF is a measurement of the internal quality 
of the capacitor. 
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GLOSSARY 


Electronic Industry Association (EIA): 

An industry sponsored body, comprised of Man- 
ufacturers, Users and Equipment Manufacturers, 
which sets standards for Electronic Components, 
such as Capacitors, Resistors, Coils, Connectors, 
Computer Keyboards, Display Tubes; it also sets 
standards for Packaging of Components, Mea- 
surement Methods of Components, Handling 
Methods for Components, etc. 


Equivalent Series Resistance: 
All internal AC series resistance of a Capacitor 
treated as single resistance. 


Impedance (2): 
The total opposition offered to the flow of alter- 
nating current at a given frequency. 


Inductive Reactance (X.): 

Opposition offered to the flow of alternating cur- 
rent by coils, leads, solder connections or other 
inductors. 


Insulation Resistance (IR): 


the initial measurements are typically taken some 
24 hours after de-aging the parts for one hour at 
150°C + 5°C. The measurements upon the com- 
pletion of the test are again taken approx. 24 hours 
after completion. This 24 hour period insures 
that variances in capacitance are not due to the 
life test conditioning. 


MegaHertz (MHz): 

Unit of Frequency, 10® cycles per second. This is 
alwo the standard test frequency for EIA Class | 
capacitors (such as NPO or COG, N330, etc.) for 
both capacitance and DF (1/Q) measurement. 


Multilayer Capacitor: 

A ceramic capacitor, made up of several alter- 
nately stacked electrodes, separated by ceramic 
dielectric layers, fired into a single monolithic 
package. 

Q: 

Q or Quality Factor is the ratio of energy dis- 


sipated to energy stored and is therefore con- 
sidered the reciprocal of DF when tested at low 
frequencies (1MHz). 


The ratio of the DC voltage applied to the terminals 
of a capacitor and the resulting leakage current 
flow after the initial charging current has ceased. 
It includes both the volume and surface resistance. 
Industry capacitor testing is typically performed THe OTaInal TOS 

; ge at which a capacitor can be 
alleriwo minutes enarging ee continuously operated without derating. Ceramic 
For many types of capacitors it is expressed aS canacitors are typically rated with a DC rating; 
the product of Insulation Resistance and Capa- the ac component should typically not exceed 


Rated Working Voltage: 


citance values (negOhm-microfarad). 


KiloHertz (KHz): 
Unit of frequency, 10° cycles per second; this is 
the standard measurement frequency for EIA 


Class Il, Ill and IV ceramic capacitors for both 
Capacitance and DF measurement. 
Life Test: 


An accelerated test, designed to measure the 
ability of a capacitor to withstand its rated opera- 
ting conditions for a lengthy, useful life. The test 
conditions depend upon the rating of the capac- 
itor. For example, for ceramic capacitors, rated 
1000VDC or less, a common test consists of sub- 
jecting the part to a DC Voltage equal to two 
times its rated working voltage for 250, 500 or 
1000 hours at either 85°C or 125°C. Limits are 
set, per EIA Standard RS-198C, for changes in 
the properties of the capacitor after this condi- 
tioning. For Class Il, Ill and IV type capacitors, 


10% of the DC rating and the combination of AC 
and DC voltage should not exceed the rated voltage. 
An example: A 50VDC rated unit will be subjected 
to 2VAC, can this be used in a 24VDC circuit? 
2VAC converts to approx. 20VDC; when this is 
deducted from the 50VDC rating, this leaves 30VDC. 
Since the circuit is only 24VDC, the unit will be 
used within the design voltage limits. 


Resonant Frequency (f0): 

The frequency at which the total inductive and 
Capacitive reactance of a capacitor (or of the 
components in a circuit) are equally low. This 
results in the component’s impedance being 
equivalent to a pure resistor. 
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TANTALUM CAPACITORS 
QUICK REFERENCE INDEX 


MIL-SLASH CAPACITANCE VOLTAGE 
TYPE NO. DESIGNATION STYLE DESCRIPTION RANGE RANGE 


WET SLUG MIL-C-3965 


Hermetic Seal, Screw Mount, Cylindrical Case 
Hermetic Seal, Stud Mount, Cylindrical Case 
Hermetic Seal, Rectangular Module 
Elastomer Seal, Axial Lead, Tubular Case 
MIL-C-39006 Established Reliabil 
40AW 233 
WET FOIL MIL-C-3965 ei 
> % 
& 3 
p= ba 
Jj S 
= 288 ~ 
= Non-Polar, Plain Foil, KSR™, Hermetic Rectangular Module = 
Polar, Etched Foil, KSR™, Hermetic Rectangular Module 289 
Non-Polar, Etched Foil, KSR™, Hermetic Rectangular Module o>) 
g 
3 
MIL-C-39006_ Established Reliabili 9 
CLR25 292 S 
Th 
294 S 
295 ~ 
296 7) 
297 


“” 
i=] 
= 
So 
an 
= 
i— 
i-r) 
= 
a 
oo 
ins) 
a 
i=2) 
ai 
ai 
o 


P02 13 40ss Hermetic Seal, Axial Lead, TubularCase CS 0047- 330uf_ 6 100v_ | 245 
MIL-C-39003 Established Reliabilit 251 
102 254 
Pt csht3 4088] Polar, Hermetic Seal, Axial Lead, TubularCase_ | 0047-330 uf_ | 6-100v_] 256 _ 
/09 
z 
= Non-Polar, Hermetic Seal, Axial Lead, Tubular Case 
Co fwersue S| ~—SSSSS—S*d~SSAOAW | Hermetic, Non-Silver Case, Axial Lead, Tubular Case 
B Pp t—“*‘“CS*S*s*S*s~sésdCSC“‘SENNCN#C#C#C(C#C  408W__ Extended Range Hermetic, Non-Silver Case, Axial Lead, Tubular Case | 6.8-2000uf_|_6-125v_| 305 
PF rrrt—“—ts—sYt EW | Extended Range, Polar, Non-Hermetic, Tubular, Axial | «68-1800 uf ~—s | —6-125v | 313 | 
a Poss 48 Hermetic, Rectangular Module, Spade Lugs 320 
relent set ban mecha) es aio 5 if 40lWin [Polar Non-Hermetio, Tubular AxialWead 17-1100 ut 6-125v_ 320 
ST 408 Hermetic, Polar, Glass to Tantalum Seal, Tubular Axial 1.7-1200uf fe 6-125v_| 336 
pO t—“CsSSCSYTSC“‘(SNNTTCCCS 40TW__[[ Hermetic, Non-Silver Case, Tubular, Axial, High Temp. | 1 7-1200uf_ | 6-125v_ | 341 
Pp —“Csts‘SssYTSTCC43XW TT Hermetic, Cylindrical Case, Stud or ScrewMount | 3.51300 uf 20-630v_] 348 
Pp ™—~—COCCCCC YT SSC 40YW | Miniature, Non-Acid Electrolyte, Polar Tubular, Non-Hermetic | ~——O1- 320uf_ | 6- 60v_| 352 
fsOLD SLUG] SSS CSAS | Polat, Dipped, Non-Hermetic, Miniature, Radial Lead |S 1- 680 uf_ 3 50v_| 355 _| 
Pp t—~—“—sCSCSCCC—CSYTSC“‘;SCC#dT FC 40MS TT Polat, Molded, Non-Hermetic, AxialLead BU | 2 SV | 359 
Pp ™~—“CsCsSCCCSYTSCSC*C; «= -40NS[Non-Potar, Hermetic, Tubular Case, Axial Lead |= 0023- 160uf_ | 6-100v_|  365__ 
Pp t—~—“:*CsS*sSC—C—sSYCSC“‘#SNNNCCCCC 41ST] Polar, Non-Hermetic, Rectangular Plastic Case, Radiallead | .1- 220uf_ | 6- 50v_| 369 
Tr ™~—(CSOCCCCC YT ~SC“(;CC*dL:«SCs«4QSS__ Plas, Standard Hermetic, Tubular Case, Axial Lead |S 0047- 330 ut_ | 6-100v_| 373 
Pp t™~—“CsCSCCCCYTTSC*C*C#CT TS TF Pota, Miniature Hermetic, Tubular Case, AxialLead | 0047-_39ut_ | 4-100v_| 380_ 
Pp t~—“—*C*S*S*S*S~C—C~C~*sdrCSC“‘SENCCC#CO(C#Cd  40XS—“‘T[ Polar, Extended Range, Hermetic Tubular, Axial Lead |S 0.82-1000 uf_ | 6- 60v_ | 384 
Pp t™—~—“CSCSCCCCCYTSCC‘“‘CN’’'C#CT = 40S" TT Polar Extended Range, Hermetic, For Low Impedance Applications | 1.0-1000uf_ | 6- 60v_|  388__| 
PO ™—T CTCC*“‘(N:CTC#CA:«C402S [Polat High Frequency Hermetic, Tubular Case, Axial Lead |S 86- 330uf_ | 6 50v_| 392 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965 


DESIGN AND CONSTRUCTION 

Each capacitor is enclosed in a metallic case and is effectively 
sealed against the entry of contaminants and leakage or evaporation 
of the electrolyte. 


TERMINALS 


All terminals are permanently secured internally and externally as 
required in MIL-C-3965. All external joints are soldered or welded, all 
terminals used for soldered connections are hot-tin-dipped or soldered 
to facilitate soldering. 

DC LEAKAGE 

After a five minute, +’ minute period with full rated working voltage 
across the capacitor, the leakage current will not exceed the 
maximum shown in the table. 


CAPACITANCE 


Capacitors are tested in accordance with method 305 of MIL-STD-202, 
using a polarized capacitance bridge. The following details apply: 


A. Test conditions: Measurements are made at a frequency of 120 
+5Hz. The AC voltage shall be limited to 30 percent of the rated 
DC working voltage or 1 volt root-mean-square (RMS), which- 
ever is smaller. The polarizing and 120 Hz. voltages are such that 
the peak AC voltage is less than the DC voltage, and the sum of 
peak AC and DC voltages does not exceed the rated DC working 
voltage. 

B. Measurement accuracy — within +2 percent. 

C. Magnitude of polarizing voltage — of such magnitude as to 
cause no reversal of polarity. 


STABILITY AT REDUCED AND HIGH TEMPERATURES 

The measurements specified below are made in the order shown at 
thermal stability. Thermal stability has been reached when no further 
change in capacitance is observed between two successive 
measurements taken at 15 minute intervals. 

The capacitor values at —55°C and the applicable high test 
temperatures do not change more than the percentage specified in 
the tables from the initial values at 25°C. The second and third 
capacitance measurement at 25°C do not change more than +5% 
from the initial values at 25°C. 
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Step Temperature Measurements 
DC Leakage 
1 25.€ Capacitance 
Equivalent Series Resistance 
+076 
2 -55°C Impedance 
=3°C Capacitance 
DC Leakage 
3 2G Capacitance 
Equivalent Series Resistance 
High Test 
4 Temperature DC Leakage 
anere Capacitance 
-0°C Equivalent Series Resistance 
DC Leakage 
5 25°C Capacitance 
Equivalent Series Resistance 
VIBRATION 


When testing in accordance with method 204 of MIL-STD-202 as 
modified by MIL-C-3965, these capacitors will not have intermittent con- 
tacts or exhibit open or short circuiting while under vibration or, after 
testing, be mechanically damaged. 


SALT SPRAY (Corrosion) 

There will be no harmful corrosion, and at least 90% of any exposed 
metallic surface of the capacitors will be unaffected when subjected 
to the corrosion test specified in Standard MIL-STD-202, method 101, 
test condition B. 


THERMAL SHOCK AND IMMERSION 

When tested as specified in MIL-STD-202 under method 107 and 
method 104, the capacitors will not leak electrolyte or evidence any 
harmful corrosion. The DC leakage shall not exceed 125 percent, and 
the equivalent series resistance will not exceed 115 percent, of 
their values tabulated in the table. The capacitance will not change more 
than +5 percent from that initially measured. 


INSULATING SLEEVES 


Style CL65 has insulating sleeves which, when tested as specified 
in MIL-C-3965, will not exhibit dielectric breakdown, and the insulation 
resistance will not be less than 100 meg ohms. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


TERMINAL STRENGTH +2 

All terminals will withstand a pull of three pounds -O ounces in axial 
direction for 30 seconds. The lead will withstand insertion into the 
hold of a fixture so that the lower side of the weld or soldered joint is 
flush with the fixture. The case can then be forced over in such a 
manner that the tantalum stub is maintained in its axial position as 
close as possible while bending the lead until the end of the case 
touches the top surface of the fixture. When the case is returned to its 
normal position, one bend has been completed. The capacitors will 
withstand four bends in alternating directions. 


SURGE VOLTAGE 

The capacitors will withstand 1000 cycles of the DC surge voltage 
shown below. The ambient temperature during cycling is the 
applicable high test temperature specified by the appropriate letter 
symbol. 

Capacitors, when subjected to 1000 cycles of the DC surge voltage 
specified above will not exhibit any electrical intermittance during 
test. On completion of testing there will be no visual evidence of 
mechanical damage or leakage of the electrolyte. The ambient 
temperature during cycling shall be the applicable high test 
temperature. (See characteristic in the coding system). 

Each cycle consists of a 30 second surge-voltage application 
followed by a 5% minute discharge period. Voltage application is 
made through a resistance of 1000 +100 ohms in series with the 
capacitor and the voltage source. Each surge voltage cycle shall be 
performed in such a manner that the capacitor is discharged through 
the 1000 ohm resistor at the end of the 30 second application. 


MOISTURE RESISTANCE 
When tested in accordance with method 106 of Standard MIL-STD- 
202 as modified by MIL-C-3965, the capacitors will not evidence any 
harmful corrosion and will meet the following electrical requirements. 
DC Leakage — Will not exceed 125 percent of the initial require- 
ments. (See table). 
Capacitance — Will not change more than +10 percent from that 
measured prior to the start of testing. 


Symbol DC Working Surge Voltage 

Voltage at 85°C 
VOLTS VOLTS 

B 6 6.9 

Cc 8 9.2 

D 10 vue 

E 15 Wine 

G 25 28.8 

H 30 34.5 

J 50 57.5 

K 60 69.0 

L 75 86.2 

N 100 115.0 

P 125 144.0 
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PERCENT OF RATED VOLTAGE 


MIL-C-3965 


Dissipation Factor — Will not exceed 115 percent of the initial re- 
quirement. (See table). 
Sleeved capacitors will meet the requirements listed under 
insulating sleeves after exposure to the above moisture resistance 
test. 


LIFE 
These capacitors, after being exposed for 2000 hours to the 
applicable high test temperature with continuous application of the 
DC working voltage, will meet the following requirements: 
Leakage Current — Original requirements 
(See Table). 
Capacitance — +25 - 15 percent of initial measurement. 
Equivalent Series Resistance — 130 percent of initial requirement. 
(See table). 


BAROMETRIC PRESSURE (Reduced) 

When tested in accordance with method 105 of Standard MIL-STD- 
202 as modified by MIL-C-3965 and stabilized at an atmospheric 
pressure of 0.82 inches of mercury for 5 minutes, will not leak 
electrolyte, show intermittent contacts or mechanical damage. 


MARKING 

Capacitors are marked in accordance with MIL-C-3965 with military 
type designation, capacitance in mfd., DC working voltage, date of 
manufacture (indicated by the number of the month followed by a 
hyphen and the last two figures of the year), and an arrow indicating 
the negative terminal, mfg. source code or logo. 


WORKMANSHIP 
Workmanship is such as to permit the capacitors to meet all the 
requirements of this specification. 


QUALITY ASSURANCE 

Statistical sampling and inspection are in accordance with 
Standard MIL-STD-105. The acceptable quality levels (AQL) are as 
specified in MIL-C-3965. 


TEMPERATURE IN DEGREES CENTIGRADE 
(THIS CURVE IS USED IN CONJUNCTION WITH THE TABLE) 


100 


@ 
° 


a 
° 


b 
Oo 


N 
oO 


AMBIENT TEMPERATURE 


APPLICABLE TO CHARACTERISTIC ‘'C'' CAPACITORS 


NOTE: 
MIL-C-3965 INACTIVE 
FOR NEW DESIGN 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/1 
STYLES CL14 & CL16 


DESIGN AND CONSTRUCTION 

Each capacitor consists of an assembly of tubular wet tantalum 
capacitors potted in a metal case and hermetically sealed with each 
terminal insulated from the capacitor case. 
TERMINALS 

Terminals are the solder-iug or screw mount type. 
D.C. LEAKAGE 

DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. The DCL shall not exceed the value 
shown for each specific rating. 
CAPACITANCE 

Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0 vrms and the D.C. bias shall not exceed 2.2 VDC. 


DISSIPATION FACTOR 
When measured as specified above, the D.F. for capacitors shall 
not exceed value shown in table. 


TEMPERATURE CHARACTERISTICS 


-55 GC +25 G steie 125 ¢ 

-60%(20v) 

-45%(30v) + 15%(>30v) +20%(>26v) 
Capacitance -35%( >30v) +5% of retrace + 10%(>30v) + 10%(>26v) 
Dissipation Factor -— Initial Limits Initial Limits Initial Limits 
DCE —— (See Table) (See Table) (See Table) 
Impedance (See Table) —-— —— —— 
UTAE WES 


Following a 2000 hour life test at 85°C and full rated voltage applied: 

1. The DCL shall not exceed initial limit 

2. The capacitance change shall not exceed +15% 

3. The Dissipation Factor shall not exceed initial measurement. 

The above limits also apply following a life test of 2000 hours at 
125°C with derated voltage applied, except D.F. which shall not 
exceed 130% of initial limit. 


MILITARY CODING SYSTEM 


CL14 B F 201 U P G 


SEAL TYPE — G = Hermetic 


POLARITY — P = Polar 


CAPACITANCE TOLERANCE — U = +75 — 15% 


CAPACITANCE in Microfarads first two digits are significant figures, third 
digit is number of zeroes to follow: i.e., 961 = 960uf. 


OPERATING VOLTAGE at 85°C. 


F = 20 M = 90 T = 360 W = 630 
H = 30 R= 180 U = 450 
K = 60 S'= 270 V = 540 


TEMPERATURE CHARACTERISTIC: B = full operating voltage -55°C to 
85°C and linearly derated to % rated voltage at 125°C. 


STYLE: Fixed non solid electrolyte sintered anode tantalum capacitor. 
CL14 — stud and lug mount 
CL16 — screw and lug mount 


NOTE: Military number does not designate case size. See table for 
specific capacitance and voltage rating. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/1 
STYLES CL14 & CL16 


eee tnaniseae none ge DC Leakage 
Type Ratea Derated urge |Capacitance (max.) 
Designation 1/ | (85°C) | (125°C) | (85°C) 125°C 


Dissipation 
Factor 


Dimension L 
+.062 (1.57) 


Impedance 
(max.) 


volts, dc | volts, dc 


CL1-BF101UPG 20 
CL1-BF201UPG 20 


volts, dc inches (mm) 


CL1-BH750UPG 30 5.0 

CL1-BH151UPG 30 9.0 

CL1-BK400UPG 60 8.2 

CL1-BK800UPG 60 6.0 oT 

CL1-BM250UPG 90 5.1 

CL1-BM500UPG | 90 0.0 10.0 = 

CL1-BR120UPG | 180 2.0 5.1 Hy 

CL1-BR250UPG | 180 5.0 10.0 = 

CL1-BSO80UPG | 270 8.0 5.1 ~ 

CL1-BS160UPG | 270 16.0 10.0 1.865 = 

CL1-BTO6OUPG | 360 6.0 5.0 1.635 

CL1-BT120UPG | 360 12.0 10.0 2.420( 61.47) e) 

CL1-BUO50UPG | 450 5.0 4.9 2.000( 50.80) &) 

CL1-BU100UPG | 450 10.0 9.8 2.980( 75.69) sy 

CL1-BVO40UPG | 540 4.0 5.1 2.365( 60.07) 

CL1-BVO80UPG | 540 8.0 10.0 3.532( 89.71) % 

CL1-BW3R5UPG| 630 3.5 5.0 2.720( 69.09) Qo 

CL1-BWO70UPG| 630 7.0 10.0 4.062(103.17) ~s 
1/ Complete type designation will include an additional symbol to indicate style. S 

313.062 77) 


.094+.004 DIA 


.094+.031—e r 


+ .031 


535+.010DIA  — 
1875 7 G45 DIA 5 


mal 
7 


ele | SEE DETAIL 
(SEE TABLE 1) + .062 


STYLE CL14 
.062+.010 DIA HOLE 


.590+.015 
+ .U007 


(Reus ~ 005 


528=.015 .140+.010 


rae Pei 


STYLE CL16 


.094+,004 DIA 


V2 — 20 UNF-2A 
3/52=,015 


.500+.015 


(SEE TABLE !) 
Ll ———> 


030.020 —] |< 094+.010 DIA HOLE 


= | IN 
CASE DETAIL OF CL14 
CIRCUIT DIAGRAM } SOLDER-LUG TERMINAL 
183.010 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/19 
STYLES CL17 & CL18 


DESIGN AND CONSTRUCTION 

Each capacitor consists of an assembly of tubular wet tantalum 
capacitors potted in a metal case and hermetically sealed with each 
terminal insulated from the capacitor case. 


TERMINALS 

Terminals are the solder-lug or screw mount type. 
D.C. LEAKAGE 

DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. The DCL shall not exceed the value 
shown for each specific rating. 
CAPACITANCE 

Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0 vrms and the D.C. bias shall not exceed 2.2 VDC. 


MILITARY CODING SYSTEM 


Clie B E 961 M fe G 


SEAL TYPE — G = Hermetic 
POLARITY — P = Polar 


CAPACITANCE TOLERANCE — M = +20% 


CAPACITANCE in Microfarads first two digits are significant figures, third 
digit is number of zeroes to follow: i.e., 961 = 960uf. 


OPERATING VOLTAGE at 85°C. 
H.='80 
i= 50 
K=, 60. 


TEMPERATURE CHARACTERISTIC: B = full operating voltage -55° to 
85°C and linearly derated to 2s rated voltage at 125°C. 


STYLE: Fixed non solid electrolyte tantalum capacitor. 
CL17 — stud and lug mount 
CL18 — screw and lug mount 


NOTE: Military number does not designate case size. See table for 
specific capacitance and voltage rating. 
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DISSIPATION FACTOR 
When measured as specified above, the D.F for capacitors shall not ! 
exceed value shown in Table. 


TEMPERATURE CHARACTERISTICS 


-55°C Se ue 85°C 12526 
Capacitance (See Table) +5% of retrace +20% AC +25% A C 
Power Factor --—— Initial Limits Initial Limits — Initial Limits 
DCL ——— (See Table) (See Table) (See Table) 
Impedance (See Table) -—— -_——— =-——— 
LIFE TEST 


Following a 2000 hours life test at 85°C and full rated voltage / 
applied: 

1. The DCL shall not exceed initial limit 

2. The capacitance change shall not exceed +20% 

3. The Dissipation Factor shall not exceed initial limit 

The above limits also apply following a life test of 2000 hours at! 
125°C with derated voltage applied, except D.F. which shall not! 
exceed 150% of initial limit. 


T = +50 -15% 


M = 90 T= 360 W = 630 
R= 80 U = 450 
©) Gamal) V = 540 


MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/19 
STYLES CL17 & CL18 


Voltage Cap. DC Leakage 
Type Rated | Derated| Surge i- | Toler- (max.) Dimension L 
Designation 1/| (+85°C) |(+125°C)| (+85°C) ance +25°C | +85°C | +125°C +.062 (1.57) 


CL1-BH371-PG 
CL1-BH651-PG 
CL1-BH132-PG 
CL1-BK201-PG 
CL1-BK351-PG 
CL1-BK701-PG 
CL1-BM121-PG 
CL1-BM221-PG 
CL1-BM451-PG 
CL1-BR420-PG 
CL1-BR600-PG 
CEl-BRit1-FG 
CL1-BR231-PG 
CL1-BS280-PG 
CL1-BS400-PG 


NEST Een 
OOO OE 
BOOMNDOO 


inches (mm) 


600(15.24) 
1.100(27.94) 
1.100(27.94) 

600(15.24) 
1.100(27.94) 
1.100(27.94) 

600(15.24) 
1.100(27.94) 
1.100(27.94) 

976(24.79) 

976(24.79) 
1.938(49.23) 
1.938(49.23) 
1.350(34.29) 
1.350(34.29) 


2.812(71.42) 
2.812(71.42) 
1.705(43.31) 
1.705(43.31) 
2.080(52.83) 
2.080(52.83) 
2.435(61.85) 
2.435(61.85) 
2.810(71.37) 
2.810(71.37) 


CL1-BS750-PG 
CL1-BS151-PG 
CL1-BT220-PG 
CL1-BT300-PG 
CL1-BU170-PG 
CL1-BU250-PG 
CL1-BV140-PG 
CL1-BV200-PG 
CL1-BW120-PG 
CL1-BW180-PG 


NSN] ONN]ON+==0 
MWOANANANOANARWHO 
O=H+=0MN=0W0-N 


ssopwisedey winjeuey 
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1/ Complete type designation will include additional symbols to indicate style and capacitance tolerance. 


L —e|—4—_—_ .406 
(SEE TABLE |) .094+.010 
DIA. HOLE 
094+.031 
312 
fy 1834.010 
094+.004 - : 
£ | DIA a: 


DETAIL CL17 
SOLDER-LUG TERMINAL 


.535+.010 of eee! = ae 
oO 


3+ 
.094+.031—4 |— 
= .094+.004 DIA. 


.535+.010 DIA. 
CASE 


CIRCUIT DIAGRAM 


= ey + 
ey 


.025+.005 


STYLE CL17 
.094+.010 DIA. HOLE 


(SEE TABLE |) 
312 


STYLE CL18 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/21 
STYLE CL55 


DESIGN AND CONSTRUCTION 

Each capacitor consists of an assembly of tubular wet tantalum 
capacitors potted in a metal case and hermetically sealed with each 
terminal insulated from the capacitor case. 
TERMINALS 

Terminals are the solder-lug type. 


D.C. LEAKAGE 

DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. The DCL shall not exceed the value 
shown for each specific rating. 


CAPACITANCE 

Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0 vrms and the D.C. bias shall not exceed 2.2 VDC. 


POWER FACTOR | 

When measured as specified above, the P.F. for capacitors of 5C 
VDC rating and less shall not exceed 15%, and for ratings of 50 VDC g 
more shall not exceed 12%. 


TEMPERATURE CHARACTERISTICS | 


“55°C +25°C 85°C 125°C. 

+20% of nominal 
Capacitance 35% AC +5%ofretrace +25%AC +25%AC | 
Power Factor == Initial Limits _ Initial Limits Initial Limits | 
DCL --— (See Table) (See Table) (See Table) | 
Impedance (See Table) --— -—-— oe 
LIFE TEST | 


Following a 2000 hours life test at 85°C and full rated voltage 
acne 
The DCL shall not exceed initial limit 
ks The capacitance change shall not exceed +25% 
3. The Power Factor shall not exceed 130% of initial measurement: 
The above limits also apply following a life test of 2000 hours at 
125°C with derated voltage applied. 


MILITARY CODING SYSTEM 


CL55 +B & 961 


P G 
| ‘pocmes SEAL TYPE — G = Hermetic 
POLARITY — P = Polar 


CAPACITANCE TOLERANCE — M = +20% 


CAPACITANCE in Microfarads first two digits are significant figures, third 
digit is number of zeroes to follow: i.e., 961 = 960 uf. 


OPERATING VOLTAGE at 85°C. 


E=15 ae fo 
H = 30 N = 100 
=o Q = 150 


TEMPERATURE CHARACTERISTIC: B = full operating voltage -55°C to 
85°C and linearly derated to 24 rated voltage at 125°C. 


STYLE: Fixed non solid electrolyte tantalum capacitor. 


NOTE: Military number does not designate case size. See table for 
specific capacitance and voltage rating. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/21 
STYLE CL55 


Voltage DC Leakage 
Type Rated Derated : (max.) 
Designation (85°C) (125°C) 25°C 85°C & 125°C 


oe) 
=F 
=! 
a 


volts, dc volts, dc volts, dc 


CL55BE961MPG 15 10 Wis2 
CL55BE122MPG 10 V7.2 
CLS55BE142MPG 10 Wie 
CL55BE212MPG 10 17.2 
CLS55BE242MPG ing 
CL55BH521MPG 34.5 
CL55BH661MPG 34.5 
CL55BH821MPG 34.5 
CL55BH122MPG 34.5 
CL55BH132MPG 34.5 
CL55BJ401MPG of.o 
CL55BJ431MPG 97.5 
CL55BJ501MPG 
CL55BJ601MPG 
CL55BJ801MPG 
CL55BJ102MPG 
CL55BL271MPG 
CL55BL331MPG 
CL55BL401MPG 
CL55BL601MPG 
CL55BL661MPG 
CL55BN171MPG 
CL55BN221MPG 
CL55BN261MPG 
CL55BN351MPG 
CL55BN441MPG 
CL55BQ700MPG 
CL55BQ900MPG 
CL55BQ101MPG 
CL55BQ141MPG 
CL55BQ181MPG 


AWVDOADDODOA®A]$]ODSNHWONW]WANW> 
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1-305 ..062 
OVER COVER 


A 
7 20: 203i 


281 + .031 
paral 
OBLONG HOLE 


CIRCUIT DIAGRAM 


neal en Fake 690i 2015 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/4 
STYLES CL64 & CL65 


CL65 B J 820 K B E 


fi. ae SEAL 


P = Polarized 


MILITARY 
CODING 
SYSTEM 


N = Non Polarized 
(Not available in CL64 or CL65) 


CAPACITANCE TOLERANCE 
J= +5% M = +20% 
K = +10% 


CAPACITANCE, NOMINAL 


Expressed in microfarads. First two digits are significant figures, 
third digit is number of zeros to follow. Use “R” for decimal point. 


Examples: 1R7 means 1.7 MFD 
330 means 33 MFD 
331 means 330 MFD 


RATED VOLTAGE AT 85 C 
Be E15 


CHARACTERISTIC: 
Rated -55°C to +85°C 
Operable to 125°C with derating. 


STYLE: Fixed non-solid electrolytic tantalum capacitor. 
NOTE: Military number does not designate case size. See table for 


specific capacitance and voltage rating. 


D/2 \. 
(+.031) 
E 


ssoqzoede) unyjezuel 


WELD 


.025+.002 
CIRCUIT DIAGRAM 


CASE MAX. MAX 
Dimensions 
Case Lay D E 
Size +.031 (.79) +.016 (.41) Max +,250 (6.35) 
=-016(41) (CL64) (CL65) 
1 F458) (alo) .188 (4.78) WALI ey sis) 1.500 (38.10) 
T2 .641 (16.28) 281 (7.14) roni2u(s G92) 2290\(Sifel'5) 
ilk 766 (19.46) TOUS 5s) .406 (10.31) 2250'S) 
1/ For Style CL65, nonshrinkable sleeving shall extend .016 inch minimum, 0.62 inch maximum, 
beyond each end of the case; shrinkable sleeving shall lap over the ends of case. 
NOTES: 


1. All dimensions in inches. 
2. Millimeters are in parentheses. 


3. Metric equivalents (to the nearest .01 mm) are given for general information and are based upon 1 inch =25.4 mm. 
4. The weld shall not be enclosed in the end seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/4 
STYLES CL64 & CL65 


DC leakage (max.) Capacitance change 


Type +85°C &| factor Case 
designation 1/| (+85°C) | (+125°C)| (+85°C) -55°C co a size 


= 
sev) 
S 
fe) 


percent 


hl 
20.0 
20.8 
63.3 
44.4 
78.8 

7.6 
16.8 
59.3 
67.5 

6.4 
As) 
15.0 
47.8 
35.4 
65.9 


volts, dc} volts, dc | volts, dc 


CL6-BB300-PE 
CL6-BB680-PE 
CL6-BB141-PE 
CL6-BB271-PE 
CL6-BB331-PE 
CL6-BB561-PE 
CL6-BC 250-PE 
CL6-BC560-PE 
CL6-BC221-PE 
CL6-BC431-PE 
CL6-BD200-PE 
CL6-BD470-PE 
CL6-BD101-PE 
CL6-BD181-PE 
CL6-BD251-PE 
CL6-BD391-PE 
CL6-BE150-PE 
CL6-BE330-PE 
CL6-BE700-PE 
CL6-BE121-PE 
Cli6-BE1/71-PE 
“G46-BE2Z/A-PE 
CL6-BG100-PE 
CL6-BG220-PE 
CL6-BG101-PE 
CL6-BG181-PE 
CL6-BHO80-PE 
CL6-BH150-PE 
CL6-BH400-PE 
CL6-BH680-PE 
CL6-BH101-PE 
CL6-BH151-PE 
CL6-BJO50-PE 
CL6-BJ100-PE 
CL6-BJ250-PE 
CL6-BJ470-PE 
CL6-BJ600-PE 
CL6-BJ820-PE 
CL6-BKO40-PE 
CL6-BK8R2-PE 
CL6-BK200-PE 
CL6-BK390-PE 
CL6-BK500-PE 
CL6-BK680-PE 
CL6-BL3R5-PE 
CL6-BL6R8-PE 
CL6-BL150-PE 
CL6-BL330-PE 
CL6-BL400-PE 
CL6-BL560-PE 
CL6-BN2R5-PE 
CL6-BN4R7-PE 
CL6-BN110-PE 
CL6-BN220-PE 
CL6-BN300-PE 
CL6-BN430-PE 
CL6-BP1R7-PE 
CL6-BP3R6-PE 
CL6-BPO90-PE 
CL6-BP 140-PE 
CL6-BP250-PE 
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NNNNNNGOOOAGMARA ADA 
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1/ Complete type designation will include additional symbols to indicate style and capacitance tolerance. 
2/ The asterick (*) indicates high-capacitance series. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/24 
STYLES CL66 & CL67 


CL66 B 


J 820 
MILITARY — GLASS TO METAL HERMETIC SEAL 
CODING 
P = Polarized N = Non Polarized 
SYSTEM (Not available in CL66 or CL67) 
CAPACITANCE TOLERANCE 


k= 5 96 M = £20% 
K= +10% 


CAPACITANCE, NOMINAL 
Expressed in microfarads. First two digits are significant fig- 
ures, third digit is number of zeros to follow. Use “R” for decimal 


point. Examples: 1R7 means 1.7 MFD 
330 means 33 MFD 
331 means 330 MFD 
RATED VOLTAGE AT 85°C 
B=6 E=15 J=50 N = 100 
C=8 G= 25 K = 60 P= 125 
D=10 H = 30 L=75 


CHARACTERISTIC: 
Rated -55°C to +85°C 
Operable to 125°C with derating. 


Sipe 
CL66 uninsulated 
CL67 insulated. 


a 
& 
3 
& 
= 
te 
: 
C 
% 
3 
& 
S. 
< 
a) 


NOTE: Military number does not designate case size. 
See table for specific capacitance and voltage 


rating. 
D/2 E 
(+.031) E 


WELD 


.025+.002 


= + 
pa 2 25 
CASE | CIRCUIT DIAGRAM 


DIMENSIONS — INCHES (mm) 


D E 
+038 oho) +.016( .41) Max. +.250(6.35) 
—.016( .41) (CL66) (CL67) 

.453(11.51) .188(4.78) .219( 5,56) 1.500(38. 10) 
.641(16.28) .281(7.14) 3 12(.07.92) 2.250(57.15) 


.766(19.46) .375(9.53) .406(10.31) 2.250(57.15) 


1/ For style CL67, nonshrinkable sleeving shall extend .016 inch minimum, .062 inch maximum, 
beyond each end of the case; shrinkable sleeving shall lap over the ends of the case. 


220 Philips Components - 5900 Australian Avenue ° West Palm Beach, FL 33407 + (407) 863-1800 * FAX: (407) 863-1811 


MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/24 
STYLES CL66 & CL67 


Voltage Cap. DC leakage (max.) Dissi- Capacitance change 
ane G 


Type Derated Capaci- toler- pation Case 
designation 1/ | (+85°C) | (+125°C)| (+85°C) | tance 2/|_ ance factor +85°C |+125°C | size 
(max.) 


S 
> 
S 

> 


percent 


volts, dc | volts, de | volts, dc 


CL6-BB300-PG 
CL6-BB680-PG 
CL6-BB141-PG 
CL6-BB271-PG 
CL6-BB331-PG 
CL6-BB561-PG 
CL6-BC250-PG 
CL6-BC560-PG 
CL6-BC221-PG 
CL6-BC431-PG 
CL6-BD200-PG 
CL6-BD470-PG 
CL6-BD101-PG 
CL6-BD181-PG 
CL6-BD251-PG 
CL6-BD391-PG 
CL6-BE150-PG 
CL6-BE330-PG 
CL6-BE700-PG 
CL6-BE121-PG 
CL6-BE171-PG 
CL6-BE271-PG 
CL6-BG100-PG 
CL6-BG220-PG 
CL6-BG101-PG 
CL6-BG181-PG 
CL6-BHO80-PG 
CL6-BH150-PG 
CL6-BH400-PG 
CL6-BH680-PG 
CL6-BH101-PG 
CL6-BH151-PG 
CL6-BJO50-PG 

CL6-BJ100-PG 

CL6-BJ250-PG 

CL6-BJ470-PG 

CL6-BJ600-PG 

CL6-BJ820-PG 

CL6-BK040-PG 
CL6-BK8R2-PG 
CL6-BK200-PG 
CL6-BK390-PG 
CL6-BK500-PG 
CL6-BK680-PG 
CL6-BL3R5-PG 
CL6-BL6R8-PG 
CL6-BL150-PG 

CL6-BL330-PG 

CL6-BL400-PG 

CL6-BL560-PG 

CL6-BN2R5-PG 
CL6-BN4R7-PG 
CL6-BN110-PG 
CL6-BN220-PG 
CL6-BN300-PG 
CL6-BN430-PG 
CL6-BP1R7-PG 
CL6-BP3R6-PG 
CL6-BPO90-PG 
CL6-BP140-PG 
CL6-BP250-PG 


6.9 
6.9 
6.9 
6.9 
6.9 


ori 
20.4 
21.3 
81.8 
49.6 
128.0 
76 
17.0 
66.4 
Mes} 
6.1 
18.1 
Nore 


@MOnNwWNND 


DDWDWDMDAMNDAOMD 
= 
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1/ Complete type designation will include additional symbols to indicate style and capacitance tolerance. 
2/ The asterick (*) indicates high-capacitance series. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006 


DESIGN AND CONSTRUCTION . 

Each fixed capacitor consists of a sintered tantalum anode isolated 
by an electrolytically formed oxide dielectric, anda thixotropic non 
solid electrolyte cathode, enclosed in a tubular fine grade silver metal 
case and integrally sealed. 


CASE INSULATION . . 

Insulating sleeving is of nonfungus nutrient material and will not 
shrink, creep, or soften so as to expose the cylindrical portion of the 
case following any of the tests described herein. The dielectric 
strength of the insulating material shall not be less than 2000 volts and 
the insulation resistance shall not be less than 100 megohms. 


LEADS 

Leads are of solid conductor type of length and diameter described 
in tables. The anode lead is of N5 type to MIL-STD-1276, and cathode 
lead is of C5 copper. 

Each lead shall withstand 4 bends, and one 3 pound lead pull 
without loosening, breaking or showing other permanent damage. 
One bend will consist of rotating the capacitor body 90° from vertical 
to horizontal and return while the lead is firmly held within .313 inches 
of the body. 


DC LEAKAGE 
DCL shall be measured following a rated voltage electrification 
period not exceeding 5 minutes. 


CAPACITANCE 

Capacitance shall be determined in accordance with Method 305 of 
MIL-STD-202 at 120 +5Hz. The magnitude of the A.C. voltage shall 
not exceed 1.0V RMS and the bias shall not exceed 2.2V DC. 


DISSIPATION FACTOR 

Shall be determined by a polarized bridge. 
IMPEDANCE 

+0° 

The capacitor shall be conditioned at -55°C -3°C for a period of not 
less than 30 minutes or until stable measurements can be obtained. 
The impedance shall then be measured directly or determined from 
measurements obtained on a bridge. Measurements shall be made at 
120 +5Hz. Measurement accuracy shall be within +5 percent. 


SHOCK, MEDIUM IMPACT 

Capacitors shall be tested in accordance with method 213, 
condition of MIL-STD-202. The following details and exceptions shall 
apply. 

(a) Special mounting means: Capacitors with axial-wire lead 
terminals shall be rigidly mounted on a mounting fixture to the 
body with their terminals secured to rigidly supported stud- 
terminals, so spaced that the length of each terminal from the 
Capacitor is approximately .375 inch when measured from the 
edge of the supporting stud-terminal. Capacitor terminals shall 
be within 30 degrees of being parallel. When securing capacitor 
terminals, care shall be taken to avoid pinching the capacitor 
terminals. 

) Test-condition letter — | (Sawtooth) 

(c) Measurements and electrical loading during shock: DC rated 
voltage shall be applied to the capacitor during test. Obser- 
vations shall be made to determine intermittent contact or 
arcing or open- or short-circuiting. Detecting equipment shall be 
sufficiently sensitive to detect any interruption of 0.5 ms or 
greater duration. 

When capacitors are tested as specified, there shall be no 
intermittent contacts of 0.5 millisecond (ms) or greater duration, or 
arcing or any other indication of breakdown, nor shall there by any 
open- or short-circuiting, mechanical damage, or leakage of 
electrolyte. 


222 


VIBRATION, HIGH FREQUENCY 
Capacitors shall be tested in accordance with method 204 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Mounting of specimens: The body of the capacitor shall be 
rigidly mounted to the vibration-test apparatus. 

(b) Test-condition letter — B (15G). The motion shall be applied for 
a total of 8 hours (4 hours in each of two mutually perpendicular 
directions, one parallel to and the other perpendicular to the 
cylindrical axis). 

(c) Measurements: During the last 30 minutes of vibration in each 
direction, an electrical measurement shall be made on the 

capacitors to determine intermittent contacts or open- or short- 
circuiting. Detecting equipment shall be sufficiently sensitive to 
detect any interruption of 0.5 ms or greater duration. 

(d) Capacitors must also meet the end point electrical require- 
ments specified, and when devices are tested as specified, 
there shall be no intermittent contacts of 0.5 ms or greater 
duration, open- or short-circuiting, mechanical damage, or leak- 
age of electrolyte. 

SALT SPRAY (Corrosion) 

Capacitors shall be tested in accordance with method 101 of MIL- 
STD-202. The following details and exception shall apply. 

(a) Applicable salt solution — 5 percent. 

(b) Test-condition letter — B (48 hours). 

(c) Measurements after test — Not applicable. 

When capacitors are tested as specified, there shall be no harmful 
corrosion, and atleast 90 percent of any exposed metal surface of the 
capacitor shall be protected by the finish. There shall be no unwrapping 
of, or mechanical damage to the insulation sleeving, when applicable. 
Marking shall remain legible. 


NOTE: Harmful corrosion shall be construed as being any type of 
corrosion which in any way interferes with the mechanical 
or electrical performance of the capacitor. 


THERMAL SHOCK 

THERMAL SHOCK: Capacitors shall be tested in accordance with 
method 107 of MIL-STD-202. The following details and exception 
shall apply: 

(a) Conditioning prior to first cycle — 15 minutes at room ambient 

conditions. 
oe 
(b) Test condition letter — A, except 125°C -O C and 30 cycles. 
(c) Measurements before and after cycling — Not applicable. 


SURGE VOLTAGE 
Capacitors shall be subjected to 1,000 cycles of the applicable surge 
voltage. The ambient temperature during cycling shall be 85°C. Each 
cycle shall consist of a 30-second surge voltage application followed 
by a 5Y2-minute discharge period. Voltage application shall be made 
through a resistance of 1,000 +100 ohms including the source in 
series with the capacitor and the voltage source. Each surge voltage 
cycle shall be performed in such a manner that the capacitor is 
discharged through the 1,000-ohm resistor at the end of the 30- 
second application. The test shall be terminated on the discharge 
portion of the cycle. During the test, an electrical measurement shall 
be made to detect intermittent contacts and open- and short- 
circuiting. After the test, capacitors shall be visually examined for 
mechanical damage and leakage of electrolyte. 

When capacitors are tested as specified, there shall be no 
intermittent contacts, open- or short-circuiting, mechanical damage, 
or leakage of electrolyte. 
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MOISTURE RESISTANCE 


Capacitors shall be tested in accordance with method 106 of MIL- 


STD-202. The following details and exceptions shall apply: 

(a) Mounting — Except during examination and measurements, 
capacitors shall be securely fastened by normal mounting 
means. 

(b) Polarization and loading voltages — 6 volts dc. 

(c) Step 7b — Vibration is not required during step 7b. 

(d) Final measurements — After the final cycle and within 2 to 6 
hours after removal of the capacitors from the humidity 
chamber, the dc leakage, capacitance, and power factor shall 
be measured as specified at the initial inspection conditions. 


When tested as specified, capacitors shall meet the following 
requirements: 

DC leakage — Shall not exceed 125 percent of the applicable value 
specified. 

Capacitance — Shall change not more than +8% from the initial 
measured value. 

Power factor — Shall not exceed 115 percent of the applicable 
value specified. 

Visual examination — There shall be no evidence of harmful 
corrosion, mechanical damage, obliteration of marking, or leakage of 
electrolyte. 


STABILITY AT LOW AND HIGH TEMPERATURES 

The measurements specified shall be made in the order shown. The 
capacitors shall be brought to thermal stability. Thermal stability will 
have been reached when no further change in capacitance is 
observed between two successive measurements taken at 15- 
minute intervals. 


When tested as specified, capacitors shall meet the following 
requirements: 


SiGe) 1} (Gr2st@): 
DC leakage — shall not exceed the applicable value specified. 
Capacitance — Shall be within the applicable tolerance specified. 
Power factor — Shall not exceed the applicable value specified. 


Step 2 (-55°C): 
Impedance — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than the percent specified 
from the step 1 measured value. 


Step 3 (+25°C): 
DC leakage — shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +5% from the step 1 
measured value. 
Power factor — Shall not exceed the applicable value specified. 


Step 4 (+85°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than the percent specified 
from the step 1 measured value. 
Power factor — Shall not exceed the applicable value specified. 


Step 5 (+ 125°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than the percent specified 
from the step 1 measured value. 
Power factor — Shall not exceed the applicable value specified. 


Step 6 (+25°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +5% from the step 1 
measured value. 
Power factor — Shall not exceed the applicable value specified. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006 


LIFE TEST 
Capacitors shall be tested in accordance with method 108 of MIL- 
STD-202. The following details and exceptions shall apply. 

(a) Distance of temperature measurements from specimens, in 
inches — Not applicable. 

(b) Method of mounting — Capacitors shall be mounted by their 
terminals. 

One 

(c) Test temperature and tolerance — 85° -0° C. 

(d) Operating conditions — DC rated voltage shall be applied 
gradually (not to exceed 5 minutes either by a slow build-up of 
the voltage or through a resistor which shall be shorted out 
within 5 minutes). Voltage shall be applied continuously except 
for measurement periods. The impedance of the voltage 
source, as seen from the terminals of each capacitor, shall not 
exceed 10 ohms. Storage batteries, or an electronic power 
supply, capable of supplying at least 100 milliampers when a 
capacitor is shorted out shall be used. For nonpolarized 
capacitors, the voltage shall be reversed every 125 + 10 hours. 

she 

(e) Test-condition letter — F (2,000 -O hours). 

(f) Measurements during exposure (at 85°C) — DC leakageshall 

+48 
be measured as specified at 0; 240 -0; 
+48 Se 
1000 -0; and 2,000 -0 hours. 

(g) Measurements after exposure — Capacitors shall be returned 
to the inspection conditions specified and dc leakage, 
capacitance and power factor shall be measured as specified. 

(h) Examination after test — Capacitors shall be visually examined 
for damage, obliteration of marking, and leakage of electrolyte. 


AFTER 2000 HOURS 

DC leakage (at 85°C and 25°C) — Shall not exceed the applicable 
value specified. 

Capacitance — Shall change not more than +10% from the initial 
measured value. 

Dissipation factor — Shall not exceed the applicable value 
specified. 

Visual examination — There shall be no damage, obliteration of 
marking, or leakage of electrolyte. 


AFTER 10,000 HOURS 
Except as specified in the following, capacitors shall be tested as 
specified above. 
+96 
(a) Test duration shall be 10,000 -O hours. 
(b) DC leakage shall be measured during exposure at 0; 
+48 +48 a (C2 +72 
240 -0 ; 1,000 -0 ; 2,000 -0; and every 2,000 -0 hours there- 
+96 
after until 10,000 -O hours have elapsed. In addition, insulated 
Capacitors shall be tested for dielectric withstanding voltage 
and insulation resistance. 
When tested as specified above, capacitors shall meet the 
following requirements: 
DC leakage (at 85°C) — Shall not exceed 125 percent of the 
applicable value specified. 
DC leakage (at 25°C) — Shall not exceed the applicable value 
specified. 
Capacitance — Shall change not more than +10. -60% from the 
initial measured value. 
Dissipation factor — Shall not exceed 200% of the applicable value 
specified. 
Dielectric withstanding voltage and insulation resistance (insulated 
capacitors only) — Shall meet the requirements specified. 
Visual examination — There shall be no damage, obliteration of 
marking, or leakage of electrolyte. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006 


For Quality Conformance capacitors shall be tested as specified 

and the following requirements apply: 

DC leakage (at 85°C and 25°C) — Shall not exceed the applicable 
value specified. 

Capacitance — Shall change not more than +10 percent from the 
initial measured value. 

Dissipation factor — Shall not exceed the applicable value 
specified. 

Visual examination — There shall be no damage, obliteration of 
marking, or leakage of electrolyte. 


QUALITY CONFORMANCE INSPECTION 

For quality conformance inspection capacitors shall be Group B 
tested as shown in the table below, on an inspection lot sampling 
basis: (Group C environmentals are also a requirement.) 


Requirement Test Sample selection 
Test paragraph |paragraph (all FR levels) 


Subgroup 1 
Stability at low 
and high tempera- 
tures : 1.5% AQL 
10.0% LQ 


No. of sample units 
to be inspected 
(all FR levels) 


Subgroup 2 
Thermal shock } 
Life (10,000-hour @ 85°C) 1/ 
Life (10,000-hour @ 125°C) 1/ 


ot 
a 
= 
cy 
iS 
: 
se) 
Be 
xs) 
® 
g. 
2 
7) 


1/ Only unit hours generated at 85°C shall be used for FR level computation 
2/ One failure (maximum) permitted per 80,000 unit hours 
3/ Twenty samples minimum; reject criteria shall be 0.65% AQL and 11.0% LQ.” 


NOTE: Parts undergoing above referenced testing will not be 
shipped as standard product. 
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MIL-C-39006/18 
STYLE CLR10 


CAPACITORS, FIXED, ELECTROLYTIC (NONSOLID ELECTROLYTE), TANTALUM, 
(POLARIZED, SINTERED SLUG), 85°C (VOLTAGE DERATED TO 125 C), 
ESTABLISHED RELIABILITY. 

M39006 / 18 - 1000 


ices DASH NUMBER FROM TABLE. For specific value 


MILITARY of Capacitance, Capacitance Tolerance, Voltage, 

CODING Fuse Size, and Failure Rate Level the table must 
be consulted. 

SYSTEM 


DETAIL SHEET FOR APPLICABLE STYLE 18 is CLR10. 


MIL-C-39006—Generic specification for established 
reliability non-solid electrolyte tantalum capacitors. 


Capacitor characteristics 


DC LEAKAGE 
(Max.) 


PART NO. M39006/18 
FAILURE RATE LEVEL (%/1,000 Hr.) 


ee | mao | Pen | ROO [5.007 


DIMENSION 
+.062 (1.57) 


> 


inches (mm) 


438 (11.13) 
562 (14.27) 
438 (11.13) 
562 (14.27) 
438 (11.13) 
562 (14.27) 
438 (11.13) 
= (14.27) 
8 (11.13) 
14.27) 
1.13) 

fe 14.27) 
) 

) 

) 

) 

) 

) 


= 


— 
NHNDMNDMNDMNMYNODONOD 
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— 
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( 
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( 

719 (18.26 
.938 (23.83 
( 

( 

( 

( 


= 


031 (26.19 
375 (34.93 
312 (33.32 
781 


=i 


45.24 


as 
iN) 


fa WELD 


.035 + .005 


.656+.025 +.062 +.062 
2.250 L 2.250 — 
ee +.250 
— + 
—e) 
CASE 


CIRCUIT DIAGRAM 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/19 
STYLE CLR14 


volts, dc 


20 
20 
30 
30 


CAPACITORS, FIXED, ELECTROLYTIC (NONSOLID ELECTROLYTE), TANTALUM, 
(POLARIZED, SINTERED SLUG), 85°C (VOLTAGE DERATED TO 125°C), 


MILITARY 
CODING 
SYSTEM 


DC LEAKAGE 
er ) 


25°C | 25°C 85°C 125°C | 125°C 


313 + .062 

| .094 + .031 
.875 DIA. 
+.031 
=.015 


ESTABLISHED RELIABILITY. 


M39006/19 - 1000 


if e0ang. DASH NUMBER FROM TABLE. For specific value 


of Capacitance, Capacitance Tolerance, Voltage 
Fuse Size, and Failure Rate Level the table must 
be consulted. 


DETAIL SHEET FOR APPLICABLE STYLE /19 is CLR14. 


MIL-C-39006—Generic specification for established 
reliability non-solid electrolyte tantalum capacitors. 


Capacitor characteristics 


PART NO. M39006/19 


DIMENSION L FAILURE RATE LEVEL (%/1,000 Hr.) 


inches (mm) 


0.540 (13.72) 
0.732 (18.59) 
0.540 (13.72) 
0.732 (18.59) 
0.540 (13.72) 
0.732 (18.59) 
0.540 (13.72) 
0.732 (18.59) 
0.920 (23.37) 
1.300 (33.02) 
1.270 (32.36) 
1.865 (47.37) 
1.635 (41.53) 
2.420 (61.47) 
2.000 (50.80) 
2.980 (75.69) 
2.365 (60.07) 
3.532 (89.71) 
2.720 (69.09) 
4.062(103.17) 


=.010 
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Military Style Tantalum Capacitors 


MIL-C-39006/20 
STYLE CLR17 


CAPACITORS, FIXED, ELECTROLYTIC (NONSOLID ELECTROLYTE), TANTALUM, 
(POLARIZED, SINTERED SLUG), 85°C (VOLTAGE DERATED TO 125°C), 
ESTABLISHED RELIABILITY. 


M39006 / 20 - 1000 


te, DASH NUMBER FROM TABLE. For specific value 
MILITARY of Capacitance, Capacitance Tolerance, Voltage, 
CODING Fuse Size, and Failure Rate Level the table must 
be consulted. 
SYSTEM 
DETAIL SHEET FOR APPLICABLE STYLE /20 is CLR17. 
MIL-C-39006—Generic specification for established 


reliability non-solid electrolyte tantalum capacitors. 


1.125 DIA. L -406 
+.031 
~ 016 — — .094 + .031 
342 


ss0zIede) winjezuel 


SEE DETAIL 
0251221005 
535 a (010 
DIA. 
.094 + .010 
DIA. HOLE 
Ma .183 + .010 


DETAIL OF 
SOLDER-LUG TERMINAL 


—— 


CASE 
CIRCUIT DIAGRAM 
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Military Style Tantalum Capacitors 


MIL-C-39006/20 
STYLE CLR17 


Capacitor characteristics 


Dissi- 
Rated Cap. DC leakage pation] Derated| Surge - : Dimension L Part No. M39006/20- 
max 


voltage | Cap. toler- factor | voltage | voltage +.062 (1.57) Failure rate level (%/1,000 hr) 


(+85°C) ance [+25°C +85°C +125°C | (max) |(+125°C)'| (+85°C) | (max) L (2.0) MCT} | PO. ee ed 


inches (mm) 


600 (15.24) 
600 (15.24) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 
600 (15.24) 
600 (15.24) 
100 (27.94) 
100 (27.94) 
100 (27.94) 
100 (27.94) 
600 (15.94) 
600 (15.94) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 
1.100 (27.94) 
976 (24.79) 
976 (24.79) 
976 (24.79) 
976 (24.79) 
1.938 (49.23) 
1.938 (49.23) 
1.938 (49.23) 
1.938 (49.23) 
1.350 (34.29) 
1.350 (34.29) 
1.350 (34.29) 
1.350 (34.29) 
2.812 (71.42) 
2.812 (71.42) 
2.812 (71.42) 
) 

) 


2.812 (71.42 
1.705 (43.31 
1.705 (43.31) 
1.705 (43.31) 
1.705 (43.31) 
2.080 (52.83) 
2.080 (52.83) 
2.080 (52.83) 
2.080 (52.83) 
2.435 (61.85) 
2.435 (61.85) 
2.435 (61.85) 
2.435 (61.85) 
2.810 (71.37) 
ZOO (1.37) 
2.810 (71.37) 
2.810 (71.37) 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/09 
STYLE CLR65 


M39006 / 09 - 8000* 


DASH NUMBER FROM TABLE. For specific value 
MILITARY of Capacitance, Capacitance Tolerance, Voltage, 
CODING Fuse Size, and Failure Rate Level the table must 
SYSTEM be consulted. 


DETAIL SHEET FOR APPLICABLE STYLE - /09 is CLR65. 


MIL-C-39006—Generic specification for established 
reliability non-solid electrolyte tantalum capacitors. 


Py | 
*Substitution for 2000, 4000 and 6000 Series which cannot carry JAN code. ~ 
> 
2 
D/2 L WELD S 
(EO Sit) E 5} 
.025+.002 

% 

Ce i: 

ips 4 = 

i - 094 250 mS 

BAN MAX g 

7) 

ang a7 


CIRCUIT DIAGRAM 


Dimensions — Inches (mm) 


Basic case 
L 1/ D E 
+.031(.79) 
—.016(.41) +.016(.41) +.250(6.35) 


1.500(38.10 


67 15) 
2. 250(57. 15) 
2.250(57.15) 


1/ Length of basic case; sleeving shall be as specified in MIL-C-39006. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/09 
STYLE CLR65 
TANTALUM-TO-GLASS HERMETIC SEAL 


[ DC leakage (max)| Dissi- Capacitance change at 

Rated Cap. pation | Derated| Surge |Imped- 

voltage |Cap. 1/| toler- +85°C &| factor | voltage | voltage | ance | -55°C |+85°C |4+125°C 

(+85°C) ance +125°C | (max) |(+125°C)|(+85°C) tee 

‘la + 1 

volts, dc uF percent uA uA percent|volts, dc|volts. dc] ohms |percent] percent |percent 
6 30 320) 1 2 91 4 69 100 -40 +105 i WN) if 8001 8206 
6 30 +10 1 2 9 1 4 69 100 -40 +105 +12 Ty 8002 8207 
6 30 as (5) 1 2 9.1 4 69 100 -40 +1015 ule ila 8003 8208 
6 *68 +20 1 2 204 4 69 60 -40 +14 +16 T1 8004 8209 
6 *68 +10 1 2 204 4 69 60 -40 +14 +16 Val 8005 8210 
6 *68 a3 MS) 1 2 20.4 4 69 60 -40 +14 +16 T1 8006 8211 
6 140 +20 3 PINES) 4 69 40 -40 +14 +16 T2 8007 8212 
6 140 +10 1 3 Zales 4 69 40 -40 +14 +16 72 8008 8213 
6 140 ar 1) 1 3 Piles) 4 6.9 40 -40 +14 +16 te 8009 8214 
6 ZO) asZi0) 6.5 818 4 69 25 -44 a lv feles +20 We: 8010 8215 
6 27,0) +10 6.5 818 4 69 25 -44 nals) +20 T2 8011 8216 
6 270) tr 5 1 6S 818 4 69 25 -44 Fe hieo +20 ne 8012 8217 
6 330 +20 2 79 496 4 69 20 -44 +14 +16 Ke 8013 8218 
6 330 324 (0) 2 79 496 4 69 20 -44 +14 +16 ie 8014 8219 
6 330 se 5 2 79 49 6 4 69 20 -44 +14 +16 Ae 8015 8220 
6 *560 t= 10) 2 is 128.0 4 69 25 -64 $175 +20 ine 8016 8221 
6 *560 10) 2 NG 1280 4 69 2S -64 +175 +20 WS 8017 8222 
6 *560 =) 2 ik} 128.0 4 69 25 -64 selves! +20 fe 8018 8223 
6 1200 +20 S 14 1444 4 69 20 -80 +25 +25 14 8019 8224 
6 *1200 +10 3 14 1444 4 69 20 -80 +25 +20 14 8020 8225 
8 25) +20 1 2 76 5 92 100 -40 + 10% ie I 8021 8226 
8 25 =an{(0) 2 76 5 OrZ 100 -40 +105 = ih2 T1 8022 8227 
8 2S EMS 1 2 76 5 92 100 -40 +105 he T1 8023 8228 
8 ®56 +20 ] 2 170 5 92 59 -40 +14 +16 lat 8024 8229 
8 *56 1/0 @ Tae ) 992 59 -40 +14 +16 Tint 8025 8230 
8 rLSXe) aS 1 2 17.0 5 92 59 -40 +14 +16 TV] 8026 8231 
8 2210) +20 i 7 66 4 5 92 30 -44 +ies +20 T2 8027 8232 
8 *220 =O) 7 66 4 5 92 30 -44 +175 +20 T2 8028 8233 
8 220 amt ic) 1 7 66.4 5 92 30 -44 = ales) +20 T2 8029 8234 
8 *430 +20 2 14 915 5 92 ZS -64 = ol Ianto) +20 ifs! 8030 8235 
8 *430 ae iI(0) & 14 Sis 5 92 25 -64 +17.5 +20 i 8031 8236 
8 430 E45 2 14 915 5 92 25 -64 soll Poca) +20 RS 8032 8237 
8 *850 +20 4 16 65 8 5 92 22 -80 2 ah) eo T4 8033 8238 
8 *850 +10 4 16 65 8 5 92 ee -80 37 OS) +25 14 8034 8239 
10 20 +20 2 6.1 Tk tees WES “32 One SE Wi 2a 8035 8240 
10 20 2= 10) 1 2 61 ji 15 175 ae ar HOlis: sre T1 8036 8241 
10 20 as 15) 1 2 61 7 Mies 175 =32 + 1G75 ee afi 8037 8242 
10 Ay. +20 1 2 sy 4 7 as) 100 -36 4 +16 4 8038 8243 
10 “ali +10 1 2 18.1 7 Ties 100 -36 +14 +16 71 8039 8244 
10 svaliyy = ao 2 181 7 hes) 100 -36 +14 +16 Ta 8040 8245 
10 100 +20 4 2 7 115 60 -36 +14 +16 Te 8041 8246 
10 100 +10 4 152 fe 1S 60 -36 +14 +16 ie 8042 8247 
10 100 SERS 1 4 ewe 7 11% 60 -36 +14 +16 2 8043 8248 
10 a ls}0) 25/20) ] 7 544 7 115 40 -36 +14 +16 T2 8044 8249 
10 *180 +10 | if 544 7 ilies) 40 -36 +14 +16 ie 8045 8250 
10 180 EES 1 7 544 ci 1% 40 -36 sei lce! +16 T2 8046 8251 
10 250 +20 2) 10 Sas 7 Wales) 30 -40 +14 +16 hs 8047 8252 
10 250 2=)|(@) 2 10 Cys} 7 Wis 30 -40 +14 +16 ire 8048 8253 
10 250 as! |S) 2 10 37 8 7 eS 30 40 +14 +16 ae 8049 8254 
10 *390 +20 2 16 876 7 ahs) 2 64 al ie) +20 TRS) 8050 8255 
10 *390 as)|}(G) 2 16 876 i Ate 25 -64 sail hee +20 T3 8051 8256 
10 *390 Sto) 2 16 87.6 7 i al isa 25 -64 SS +20 1S} 8052 8257 
10 “750 +20 4 16 56 5 if WS 23 -80 eo) +25 14 8053 8258 
10 750 22 (@) 4 16 D\OWS) fe 1 PES! -80 +25 +25 14 8054 8259 
15 Ws) 22/210) 1 2 hii 10 172 155 -24 == 0) 5) 3PM T1 8055 8260 
1S) aS +10 1 2 3) Hi 10 Wee 155 -24 IONS) +12 T1 8056 8261 
15 is) aS) 1 2 Sih 10 Wi2 155 -24 +105 fale T1 8057 8262 
1k) 33} +20 1 2 W225 10 We 90 28 +14 +16 1 8058 8263 
iS) eNEKS) +10 1 2 125 O WA 2 90 -28 +14 +16 Wi 8059 8264 
1S eohs} az 5 2 Wes O We 90 -28 +14 +16 TI 8060 8265 
KS) 70 20) 4 wed 10 Wie 13 -28 +14 +16 WZ 8061 8266 
15 70 +10 4 oul O Whe WS) -28 +14 +16 We 8062 8267 
is 70 aces) 4 Len O WZ 1) -28 +14 +16 We 8063 8268 
13) 20) +20 1 if 36.8 10 2 50 -28 ar WAS) +20 12 8064 8269 
WS) 120 +10 1 7 36.8 10 Wh 2 50 -28 are +20 12 8065 8270 
15 W210) Emo) 1 iG 36.8 10 Wie 50 Ns sales +20 T2 8066 8271 
iS) 170 +20 2 10 25.4 10 17.2 35 -32 +14 le ks 8067 8272 
tS) 170 +10 2 10 25 4 10 ln 2 NS =Sy) +14 +116 13 8068 8273 
15 170 = aio) 2 | 10 254 10 VI 35 =32 afl |i | is 8069 8274 


1/ The asterisk (*) indicates high-capacitance series 


230 


Part No. 439006/09- 
Failure rate level (%/1,000 hr) 


M P R 
(1.0) (0.1) | (0.01) 


8411 

8412 
8413 
8414 
8415 
8416 
8417 
8418 
8419 
8420 
8421 
8422 
8423 
8424 
8425 
8426 
8427 
8428 
8429 
8430 
8431 
8432 
8433 
8434 
8435 
8436 
8437 
8438 
8439 
8440 
8441 

8442 
8443 
8444 
8445 
8446 
8447 
8448 
8449 
8450 
8451 

8452 
8453 
8454 
8455 
8456 
8457 
8458 
8459 
8460 
8461 

8462 
8463 
8464 
8465 
8466 
8467 
8468 
8469 
8470 
8471 

8472 
8473 
8474 
8475 
8476 
8477 
8478 
8479 


8616 
8617 
8618 
8619 
8620 
8621 
8622 
8623 
8624 
8625 
8626 
8627 
8628 
8629 
8630 
8631 
8632 
8633 
8634 
8635 
8636 
8637 
8638 
8639 
8640 
8641 
8642 
8643 
8644 
8645 
8646 
8647 
8648 
8649 
8650 
8651 
8652 
8653 
8654 
8655 
8656 
8657 
8658 
8659 
8660 
8661 

8662 
8663 
8664 
8665 
8666 
8667 
8668 
8669 
8670 
8671 

8672 
8673 
8674 
8675 
8676 
8677 
8678 
8679 
8680 
8681 

8682 
8683 
8684 


| 
8821 
8822 |: 
8823 | 
8824 
8825 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/09 STYLE CLR65 
TANTALUM-TO-GLASS HERMETIC SEAL 


Capacitance change at Part No. M39006/09- 


Case Failure rate level (%/1,000 hr) 
-55°C | +85°C | +125°C |! size L M Pp R 
(230) | (1-0)) (Os 11), ||| (0-01) 


DC leakage (max) 
Rated Cap. 


voltage |Cap. 1/| toler- |+25°C |+85°C & 
(+85°C) ance +125°6 


volts, dc uA uA percent|percent| pr cent 
15 @ 16 60.9 +20 
15 2 16 60.9 550) 
15 2 16 60.9 
15 6 24 49.0 
V5 6 24 49.0 
25 1 2 46 
25 1 2 46 
25) 1 2 46 
25 1 2 8.3 
PAS) 1 2 83 oT 
25 1 2 8.3 3 
25 1 10 Sie 4 
25 1 10 Snes Q) 
25) 1 10 31.4 ~~ 
25 2 18 54.3 i= 
25 2 18 543 
25 2 18 543 = 
25 7 28 35.0 
25 7 28 | 35.0 '@) 
30 1 2 45 rst) 
30 1 2 45 xs] 
30 1 2 45 gy 
30 1 2 9.1 8 
30 1 2 9.1 i“ 
30 1 2 9.1 ep 
30 1 5 WAZ =) 
30 1 5 WAe a | 
30 1 5 122 7) 
30 1 8 31.0 
30 1 8 31.0 
30 1 8 Chile) 
30 2 12 19.0 
30 2 12 19.0 
30 2 12 19.0 
30 2 18 46.0 
30 a 18 46.0 
30 (22 18 46.0 
30 8 Se 3510 
30 8 32 35.0 
50 1 2 3.4 
50 1 2 3.4 
50 1 2 ow 
50 1 2 6.0 
50 1 2 6.0 
50 1 2 6.0 
50 1 5 ilee 
50 1 5 Wale 
50 i IS) We 
50 1 9 21.4 
50 1 9 21.4 
50 1 9 21.4 
50 2 12 13.6 
50 2 12 13.6 
50 2 12 13.6 
50 2 16 24.9 
50 2 16 24.9 
50 2 16 24.9 
BU 8 32 PASTE 
50 8 32 PISS Th 
60 1 2 3.0 40 
60 1 2 3.0 40 
60 4 2 3.0 40 
60 1 2 ‘S){0) 40 
60 1 2 5.0 40 
60 1 2 5.0 40 
60 1 5 7.6 40 
60 1 5 7.6 40 
60 1 5) 7.6 40 
60 1 9 20.7 40 
60 1 9 20.7 40 
60 1 9 20.7 40 


1/ The asterisk (*) indicates high-capacitance series. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/09 
STYLE CLR65 | 
TANTALUM-TO-GLASS HERMETIC SEAL ; 


Capacitance change at Part No. M39006/09- 


Case Failure rate level (%/1,000 hr | 
-55°C | +85°C | +125°C | size L Ss % 
(2.0) (0.001) 


DC leakage (max)} Dissi- 


pation | Derated| Surge 
+25 C |+85°C &| factor | voltage | voltage 
+125°C | (max) |(+125 C)| (+85°C) 

uA uA 


ss0qw9ede) wunjeuel co 


percent percent] volts, dc| volts, dc} ohms | percent percent] percent 
+20 2 12 SIs 40 69.0 50 -16 +110:5 rile T3 8141 8961 
+10 2 12 1573 40 69.0 50 -16 +105 9 Al T3 8142 8962 
ae) (3) 2 W Ss 40 69.0 50 -16 +10.5 +12 is 8143 8963 
+20 2 16 20.7 40 69.0 50 -32 +10.5 +112 T3 8144 8964 
+10 2 16 20.7 40 69.0 50 -32 10:5 +12 T3 8145 8965 
ast {\ 2 16 20.7 40 69.0 50 eo2 ill tiie fe} 8146 8966 
+20 8 32 Fae) if 40 69.0 28 -40 +20 +20 T4 8147 8967 
+10 8 32 25 40 69.0 28 -40 +20 +20 T4 8148 8968 3 
+20 1 2 25 50 86.2 650 -16 Tae +16 T1 8149 8969 
+10 1 2 2.5 50 86.2 650 -16 ai 3) +6 fil 8150 8970 
sx 5 1 2 25 50 86.2 650 -16 oP) = (8) qa 8151 8971 
+20 1 2 4.1 50 86.2 300 -20 ae Ves a2 8S) T1 8152 8972 
+10 1 2 4.1 50 86.2 300 -20 am Ks} ao ie) Tat 8153 8973 
= ao] 1 2 4.1 50 86.2 300 -20 =-+7'8 +9 1h 8154 8974 
+20 1 5) TES 50 86.2 150 -16 i fel +9 T2 8155 8975 
+10 1 5 fs} 50 86.2 150 -16 + 8 +9 T2 8156 8976 
+6 1 5 CS 50 86.2 150 -16 oO + 9 T2 8157 8977 
+20 1 10 ES 50 86.2 90 -24 Ss lOhte: wi ks} 2 8158 8978 
+10 1 10 WES 50 86.2 90 -24 1025 “ihe T2 8159 8979 
ney tS) 1 10 Wied 50 86.2 90 -24 = iO:5 +15 2 8160 8980 
+20 2 12 ater 50 86.2 60 -16 +10.5 +12 T3 8161 8981 
+10 2 12 1522 50 86.2 60 -16 10.5 +12 T3 8162 8982 
Ee oO 2 Wa 5e2 50 86.2 60 -16 ar hO Ks: +12 ifs 8163 8983 
+20 2 17 26.0 50 86.2 60 -28 +10.5 +15 Ts 8164 8984 
+10 72 Vi 26.0 50 86.2 60 -28 =F] 5) +15 ie 8165 8985 
t 5 2 HWE 26.0 50 86.2 60 -28 +10.5 +15 3 8166 8986 
+20 9 36 Pra f 50 86.2 29 ets) +20 +20 T4 8167 8987 — 
t= 1|0 9 36 2ont 50 86.2 29 -35 +20 +20 T4 8168 8988 
+20 1 2 5 (0) 65 lcs 950 -16 as Te ae tes T1 8169 8989 
+10 1 5.0 65 ifatis) 950 -16 gl ve + 8 T1 8170 8990 
= Spe) 1 Z 5.0 65 nals) 950 -16 ae Vf +" 8 T1 8171 8991 
+20 1 2 3.6 65 ils) 500 -16 ame ve ar {8 Ts 8172 8992 
1:0 1 2 3.6 65 115 500 -16 ae if amas) T1 8173 8993 
=) 5 1 2 3.6 65 Was 500 -16 aur 76 + 8 ii 8174 8994 
+20 1 4 5.0 65 lini} 200 -16 se if +58 T2 8175 8995 
+10 1 4 5.0 65 11S 200 -16 a /, a 13h T2 8176 8996 
Saes) 1 4 50 65 115 200 -16 ta ee te 12 8177 8997 
+20 1 9 11.8 65 iiaisy 100 -16 ar if ae F8h T2 8178 8998 
+10 1 9 11.8 65 Walis) 100 -16 ap wh ap ds! T2 8179 8999 
bls) 1 9 11.8 65 115 100 -16 ae TE 5) 2 8180 9000 
+20 2 12 9.1 65 alas} 80 -16 ac ih =P 3) 13 8181 9001 
+10 2 12 9.1 65 is 80 -16 ae if ae ts) ins 8182 9002 
+5 2 12 9.1 65 115 80 -16 ar Vf + 8 T3 8183 9003 
+20 2 17 19.7 65 115 70 -20 ap if ae {3} 1 8184 9004 
+10 2 als 19.7 65 Walisy 70 -20 a ie ae isl is 8185 9005 
+ 5 2 aA 19.7 65 115 70 -20 aif => fs! lis 8186 9006 
+20 9 36 20.7 65 115 30 -25 sito) +15 T4 8187 9007 
+10 9 36 20.7 65 ialis) 30 -25 Srl) +15) T4 8188 9008 
+20 1 2 7.0 85 144 1250 -16 stay +3 id 8189 9009 
+10 1 2 7.0 85 144 1250 -16 or if + 8 T1 8190 9010 
5 1 2 7.0 85 144 1250 -16 acev i + 8 T1 8191 9011 
+20 1 2 4.1 85 144 600 -16 tai ae 184 T1 8192 9012 
1/0 1 2 4.1 85 144 600 -16 an fe sr tsi Af 8193 9013 
5 1 2 4.1 85 144 600 -16 ae ff ar t3) T1 8194 9014 
+20 1 5 10.2 85 144 240 -16 sir if +8 T2 8195 9015 
==] ((0) 1 is) 10.2 85 144 240 -16 an if ae ts! T2 8196 9016 
415 1 fe) 10.2 85 144 240 -16 see + 8 T2 8197 9017 
+20 1 if WATE 85 144 167 -16 ap Tf ap 23} T2 8198 9018 
= 116) 1 7 WAL 85 144 167 -16 ae) db a st Ww 8199 9019 
5 a] 7 WAT 85 144 167 -16 ar dA ap te} T2 8200 9020 
+20 2 9 15.0 85 144 129 -16 ar if + 8 T3 8201 9021 
+10 2 9 15.0 85 144 129 -16 ap ff sr ds} T3 8202 9022 
ZnS 2 9 EHO) 85 144 129 -16 cue if Se sh Ts 8203 9023 
+20 2 13 19.0 85 144 93 -16 ao {f se te} Ts 8204 9024 
+10 2 i} 19.0 85 144 93 -16 aie + 8 T3 8205 9025 
515 zz, 13 19.0 85 144 93 -16 ae Tf seis: ks 9026 9038 
+20 10 40 vfs) 85 144 32 -25 Sis) +15 T4 9027 9039 
+10 10 40 V5 85 144 32 -25 AE LIS) 15) T4 9028 9040 


1/ The asterisk (*) indicates high-capacitance series. NOTE: “L" Level Inactive for New Design. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 

STYLE CLR79 

APPROVED BY DESC TO THE 
“H” CHARACTERISTIC 


M39006/22-0437 


iE DASH NUMBER FROM TABLE. For specific value 


ARY of Capacitance, Capacitance Tolerance, Voltage, 
MILIT Case Size, and Failure Rate Level the table must 
CODING be consulted 
SYSTEM 
DETAIL SHEET FOR APPLICABLE STYLE — /22 is CLR 79. 
MIL-C-39006—Generic specification for established Ny 
reliability non-solid electrolyte tantalum capacitors. 3 
an 
® 
= 
5 
D/2 L WELD 
(21031) 2) 
E st) 
025+.002 3S 
FS 
LL ql 8 
|. 094 250 i) 
MAX MAX 
oe cB jie se 


CIRCUIT DIAGRAM 


Dimensions — Inches (mm) 


Basic case Insulated case 


{* D 
+.031 (.79) 
—.016 (.41) +.016 (.41) +.250 (6.35) 


.453 (11.51) .188 (4.78) 1.500 (38.10) 
.641 (16.28) .281 (7.14) 2.250 (57.15) 
.766 (19.46) 375 (9.53) 3 2.250 (57.15) 
1.062 (26.97) 375 (9.53) ; 2.250 (57.15) 


*Length of basic case; sleeving shall be as specified in MIL-C-39006. 
Failure rate level “L” inactive for new design after May 22, 1976. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 
STYLE CLR79 


Cap. DC leakage i Imped- Capacitance Part No. M39006/22-* 


toler- ance change at Failure rate level (%/1,000 hr 


Yo % 


% uA Y % 


ric 
ie 
ap 2 
+16 
+16 
+16 
+16 
+16 
+16 
+20 
+20 
+20 
+16 
+16 
+16 
+20 
+20 
+20 
25 


+12 
lig 
+16 
+16 
+16 


+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
+20 
20 
+25 
Sali 
ili2 
orale 
+16 


+16 
+16 
sr ile) 
+16 
+16 
+16 
+16 
+16 
+16 


PANMNNNNNM j= AW] ]] 7] ]- 4424-43 PhP ANMNNNNNMH] HH a2 B2an nnn inn inwnnnnnnaaanann sein niwi i 8 
NNNNNANNNNNNNNNNNNNNN HHH HHHHAHAAHAGAHAHHAHARAARAARARARAARAARARAARARH 
]=S32oe ooo sn nnn ii iii iii iQgnooouono 


AANAQAAHAAAAHAKHHDAHHAAHHAGAHYNYNYNYNYNADT 


mek hk et ks as os as ss ks os ws ws 


See footnotes at end of table. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 
STYLE CLR79 


1/ issi- 2/Max. 
Rated Cap. Imped- Capacitance 85°C Part No. M39006/22-* 


|voltage |Cap. | toler- ance change at 40 kHz Failure rate level (%/1,000 hr) 


an SD aa dc Pl wll 
% % 


% 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
6 
6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
7 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
8 
8 


SSSSSESSSESSSSESSSESS 


See footnotes at end of table. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/22 
STYLE CLR79 


Capacitance 
change at 


DC leakage 
(max) 


= 
> 


c 
> 


COBO TOBIN ISIN INS TINS a 8 aa 88D) ODD NQGDINDy IND) ND BB ssa a OO OIRO NO NOANOINO TO ek se 


See footnotes at end of table. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


100 
100 
100 
100 


100 


125 


125 


125 


125 
125 


125 
125 


MIL-C-39006/22 
STYLE CLR79 


Derated Surge 
voltage | voltage 


(+125°C)| (+85°C) 


Cap. 


DC leakage 
toler- (max) 
) ance +25°C |+85°C & 
+125°C 


Imped- 
ance 


2/Max. 
85°C 
40 kHz 


Part No. M39006/22-* 
Failure rate level (%/1,000 hr) 


Capacitance 
change at 


ann 


ann 


MDMHMMDDNMNINAMABDNAAANNNNNNOOMMONNNNNNGOMNWWoONMNMDY 
NNN 


Frequency of 
applied ripple 


current 
Ambient still air 


S 9 

a ) 100% 
- re) 90% 
Ox 

6 2 80% 
¥ 70% 


<66 2% 


1/Reverse voltage rating at 85°C is 3 VDC and at 125°C is 2 VDC. 
2/For ripple current limits at various temperatures, voltages, and frequencies, see table directly above. 


*For the optional vibration & shock requirements (i.e.,51G Random Vibration, 80G Sinusoidal Vibration, and 500G Shock) the letter “H” must appear 
following the four digit dash number. 
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(max) [55°C | +85°C |+125°C| ripple M(1.0) | P(0.1) | R(0.01) | S(0.001) 
current 

+ 7 ar 14 0181 0401 0621 0841 
+ 7 a5 T1 0182 0402 0622 0842 
ae Vf + T1 0183 0403 0623 0843 
ae ff a5 T1 0184 0404 0624 0844 
ar if + Te 0185 0405 0625 0845 
ap ff + T1 0186 0406 0626 0846 
ap fe 35 IZ 0187 0407 0627 0847 
ar {ei 3p T2 0188 0408 0628 0848 
ar 3} =e T2 0189 0409 0629 0849 
ae ts} + T2 0190 0410 0630 0850 
+10 a liz 0191 0411 0631 0851 
se ket oF iz 0192 0412 0632 0852 
am ee) ar T3 0193 0413 0633 0853 
25 (8: + T3 0194 0414 0634 0854 
ae ss + ifs 0195 0415 0635 0855 
ar {3} + T3 0196 0416 0636 0856 
+8 4h ts 0197 0417 0637 0857 
+ 8 4 T3 0198 0418 0638 0858 
=F ih) +1 T4 0199 0419 0639 0859 
palo sal T4 0200 0420 0640 0860 
15 th + Wt 0201 0421 0641 0861 
+ 7 + Tat 0202 0422 0642 0862 
ik, SF T1 0203 0423 0643 0863 
ae i! ae T1 0204 0424 0644 0864 
+ 7 = T1 0205 0425 0645 0865 
+ 7 + if 0206 0426 0646 0866 
+ 7 oe T2 0207 0427 0647 0867 
se 7 =F T2 0208 0428 0648 0868 
ar if ar T2 0209 0429 0649 0869 
ae We AF T2 0210 0430 0650 0870 
+ 7 + T2 0211 0431 0651 0871 
a Uf +r T2 0212 0432 0652 0872 
+ 7 + As 0213 0433 0653 0873 
216 ar me 0214 0434 0654 0874 
ae If + i fe} 0215 0435 0655 0875 
ae 4F T3 0216 0436 0656 0876 
ap df + iis 0217 0437 0657 0877 
aut =e T3 0218 0438 0658 0878 
TED) T4 0219 0439 0659 0879 
ah) T4 0220 0440 0660 0880 


237 


s4s0zI2edey) winje}uel 


ant 
& 
= 
s 
S 
: 
C) 
& 
S 
® 
g 
8 
4) 


MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 
APPROVED BY DESC TO THE 
“H” CHARACTERISTIC M39006/25-0326 
ee cept ounces! tafe 
Seopa Case Size, and Failure Rate Level the table must 
be consulted 


DETAIL SHEET FOR APPLICABLE STYLE-—/25 is CLR 81. 


MIL-C-39006—Generic specification for established 
reliability non-solid electrolyte tantalum capacitors. 


TERM. LOC. WITHIN 
TANTALUM FEED— .031 (79) R. OF 
TERMINAL THROUGH .078 (1.98) TRUE POSITION 
WELDED TO CASE MAX DIA 
.250 (6.35) MAX 
ie. © 
DIA 
\ 
t NS 
(OS4MAXS. | S58 le aes = ee ee EXTERNAL 
(2.38) WELD .025+.002 GLASS 
(SEE NOTE 4) (.64+.05) 


CASE 


CIRCUIT DIAGRAM 


L! E 
+.031(.79) 
—.016(.41) 


+ 250(6.35) 


.453(11.51) .219( 
.641(16.28) f ; 312( 
./66(19.46) L -406( 
1.062(26.97) .406(10.31 


‘Length of basic case; sleeving shall be as specified in MIL-C-39006. 
NOTES: 

1. Dimensions are in inches. 

2. Metric equivalents are in parentheses. 

3. Metric equivalents are given for general information only. 


FIGURE 1. Style CLR81 capacitors. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
See footnotes at end of table. STYLE CLR81 


| ac Wiice nen a eee ce mee Part No. M39006/25-9 
fe Cap. scan fae A Me Failure rate level (%/1,000 hr) 
tolerance 


voltage +25°C pecs factor | voltage ripple 
fey [rat Heolioe Eads aeolian 
volts, dc 
6 220 2 
6 220 2 
6 820 3 
6 820 3 
6 | 1500 5 
6 | 1500 5 
6 | 2200 6 
6 | 2200 6 
8 180 2 
8 180 2 Pt 
8 680 3 aS 
8 | 680 3 My 
8 | 1500 5 ~s 
8 | 1500 5 iS 
8 | 1800 7 
8 | 1800 7 3 
10 150 9 
10 150 2 ie 
10 560 3 Ss 
10 560 3 % 
10 1200 5 iY) 
10 | 1200 5 ~t 
10 1500 7 =) 
10 1500 7 P| 
15 100 9 Va) 
15 100 D 
15 390 3 
15 390 3 
15 820 6 
15 820 6 
15 | 1000 8 
15 | 1000 8 
25 68 2 
25 68 2 
25 270 3 
25 970 3 
25 560 7 
25 560 7 
25 680 8 
25 680 8 
30 56 2 
30 56 2 
30 220 3 
30 220 3 
30 470 8 
30 | 470 8 
30 560 g 
30 560 9 
50 33 2 
50 33 2 
50 120 4 
50 120 4 
50 270 8 
50 970 8 
50 330 9 
50 330 9 
60 o7 3 
60 o7 3 
60 100 4 
4 
8 
8 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 


VOLTAGE DERATING WITH TEMPERATURE 
Pf AE Tf eh fp aac [iS Pe 


eae A CS 
ee Ae SA eS 
< As oe wee Leo eo Ooe 
FE a9 PA oe as od a Ne Si 
35 ON Ul 6 DS 
S Bod a a LL ES I 
a Ha ee eA ORS Ea 
Ther dP Ae ss noe sco 
= A TT Mh 
rs PUG Oat rd ds AAT lO ENN Gh 
is NA TL le 
Oued ASDA eM ML 
é ad Mi Pee est rt eds a ae ete Vc Unb ag pe ata 
2 eR as AB 
4 PON NSD YP SD 
Oran Se 8 a dV PE 
i PhP C eSB Die 
a. SURGES eS eee eer 
SRAGeme MOR SIE De MMe Bor! 

; I oH PB PN Ce SY 2 

-§5 =35 So) 25 45 65 85 105 125 


TEMPERATURE IN DEGREES CELSIUS 


REQUIREMENTS: 
Design and construction: 
Dimensions and configuration—See figure 1. 
Case type—Tantalum. tubular, insulated. 
Seal type—Hermetic (glass-to-tantalum seal). 
Terminals—Axial-wire lead: 
Cathode and anode (type N5 of MIL-STD-1276). 
Rated temperature——55°C to +85°C, voltage derated 
to +125°C (see figure 2). 
Rated voltage—See table I. 
Capacitance (Cap.) (nom)—See table |. 
Cap. tolerance—+10 or +20 percent (see table |). 
FR level—M, PR, (see table |). 
DC leakage (DCL) (max) (at 25°C): See table |. 
Cap (nom): Method 305 of MIL-STD-202. See table I. 
Dissipation factor (DF) (max): See table I. 
Seal: Method 112 or MIL-STD-202, conditions A and C. 
Shock (specified pulse): Method 213 of MIL-STD-202, 
condition | (100g) or condition D (500g), as applicable. 
Vibration, high frequency: Method 204 of MIL-STD-202, 
condition D (20g) or condition H (80g), as applicable. 
Random vibration (when applicable): Method 214 of 
MIL-STD-202, test condition II-K (519). 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 


5 A Cap.—Within +10% of initial measurement. 
Vacuum life: Not applicable. DF—See table I. 
DWV—2,000 V dc, min. 
IR—100 megohms, min. 
10,000-hr (group B): 
DCL (125°C)—125% (max) of table | value. 
DCL (25°C)—See table I. 

A Cap.—Within +10%, —20% of initial measurement. 
DF—200% (max) of table | value. 
DWV—2,000 V dc, min. 

IR—100 megohms, min. 


STYLE CLR81 
Life at 85°C: Method 108 of MIL-STD-202. Barometric pressure: Method 105 of MIL-STD-202, 
2,000-hr (qualification): condition E (150,000 ft). 
DCL—See table I. Test voltage—Rated voltage. 
A Cap.—Within +10% of initial measurement. Resistance to soldering heat: Method 210 of MIL-STD-202, 
DF—See table I. condition B. 
10,000-hr (group B) and extended life: DCL—See table I. 
DCL (85°C)—125% (max) of table | value. A Cap.—Within +5% of initial measurement. 
DCL (25°C)—See table I. DF—See table I. 
A Cap.—Within +10%, —20% of initial measurement. Marking: In accordance with MIL-C—39006. 
DF—200% (max) of table | value. Polarity—Series of plus (+) symbols encircling seal 
DWV—2,000 V de, min. positive end (see figure 1). S 
IR—100 megohms, min. Voltage groups (85°C rated voltage): Pt 
AC ripple life at 85°C (qualifications and group C): REN © CR RE | * 6to 15Vinclusive & 
Test ripple current—see table |. | Re re rte 0 Te 25to 75Vinclusive & 
Test voltage—66.67% of rated voltage (see table |). lWigeroeesré fo ARAM We Tnthemiteg ec 100 to 125 Vinclusive § 
DCL—See table |. on. 
A Cap.—Within +10% of initial measurement. abs Ee tsa re a2 ee © 
DF—See table I. : 3 
ot) 
<. 
S 
~ 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 


RIPPLE CURRENT MULTIPLIERS VS FREQUENCY, TEMPERATURE, AND APPLIED PEAK VOLTAGE. 
Frequency of 120 Hz 800Hz 10 kHz 40 kHz 100 kHz 
applied ripple 
Ambient still 
air 65° | 85° 1105 [126° = 55° 185° 11057 125° 355° [85> 1 105° 125° 1 <55°-}:85° - 105° i262 §<65° 85° [1052 1255 [=5b" Soe OSeaiicon 
60 | 39 | —- — | 71 | 43] - — | 72 | 45] - — | 88 | 55] - 1.0); | 263 1 = ~ 69} - - 


voltage }662/3% 


NOTES: 
1. At 125°C the rated voltage of the capacitors decreases to 66-2/3% of the 85°C rated voltage. 
2. The peak of the applied ac ripple voltage plus the applied dc voltage must not exceed the dc voltage rating of the capacitor either forward or reverse. 


3. The ripple current listed in table | represents a rating calculated using a maximum internal temperature rise (AT) of 50°C at 40 kHz at 85°C ambient with a maximum peak rated 
voltage of 66-2/3% of the 85°C peak voltage rating. 


4. The maximum allowable internal temperature rise (AT) decreases linearly to a calculated 10°C rise at 125°C ambient. 
5. The internal temperature rise is directly proportional to the ESR of the capacitor, and ESR increases with decreasing frequency. 
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Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 


Thermal shock: Method 107 of MIL-STD-202, condition A Stability at low and high temperatures: 


(with step 3 at +125°C). Step 1 (+25°C): 
Number of cycles—300 for qualification and group C— DCL—See table I. 
30 for group B. Cap.—Within tolerance of table | value. 
DCL—200% (max) of 25°C value of table | for DF—See table I. 
qualification and group C. Step 2:(—55°C): 
DCL—125% (max) of 25°C value of table | for Imp.—See table I. 
group B. A Cap.—See table |. 
A Cap.—Within +5% of initial measurement. Step 3 (+25°C): 
DF—115% (max) of initial measurement. DCL—See table I. 
Salt spray (corrosion): Method 101 of MIL-STD-202, A Cap.—Within +5% of step 1 value. 
condition B (48 hrs.). DF—See table I. 
Solderability: Method 208 of MIL-STD-202. Step 4 (+85°C): 
Terminal strength: DCL—See table I. 
Pull—Method 211 of MIL-STD-202, condition A. A Cap.—See table |. 
Wire-lead bend—In accordance with MIL-C-39006. DF—See table I. 
Surge voltage: See table |. Step 5 (+125°C): 
Moisture resistance: Method 106 of MIL-STD-202. DCL—See table |. 
DCL—125% (max) of 25°C value of table |. A Cap.—See table |. 
A Cap.—Within +8% of initial measurement. DF—See table |. 
DF—115% (max) of initial requirement. Step 6 (+25°C): 
Dielectric withstanding voltage (DWV): Method 301 of DCL—See table I. 
MIL-STD-202. 2,000 V de, min. A Cap.—Within +5% of step 1 value. 
DF—See table I. 


Insulation resistance (IR): Method 302 of MIL-STD-202, 
condition B. 100 megohms, min. 
Low temperature (storage): Method 502 of MIL-STD-810. 
DCL—See table I. 
A Cap.—Within +5% of initial measurement. 
DF—See table I. 


Reverse voltage: As specified in MIL-C-39006. 
DCL—See table I. 
A Cap.—Within tolerance of table | value. 
DF—See table I. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/25 
STYLE CLR81 


Dissi- 
iT eg (max) pation : Capacitance change at 
Cap. +25°C |+85°C &| factor 
tolerance +125°C | (max) +85°C | +125°C 


vats. dc | uF | percent | uA _| uA _| percent | vtts, dc | votts, dc | ohms | percent | percent | percent | mA ms 


Part No. M39006/25-3 
Failure rate level (%/1,000 hr) 


ANWwnoowvrwvofh RWW OO 


ant 
& 
3 
g 
e 
3 
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x) 
& 
S 
: 
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‘Reverse voltage rating at 85°C is 3 V de, and at 125°C is 2 V de. 
2For ripple current limits at various temperatures, voltages, and frequencies, see table II. 

3Dash number will include the letter “H” to indicate the optional vibration and shock requirements | 
(i.e. 51 g random vibration, 80 g sinusoidal vibration, and 500 g shock) or “—” will be deleted. | 
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Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 


MILITARY CODING SYSTEM 


B B 475 K 
ee TOLERANCE 
K +10% 
M +20% 
CAPACITANCE 


Nominal capacitance in micro farads. 

First two digits are significant figures, 3rd figure is 
number of zeros to follow. 

Example: 475 means 4.7 MFD,; 476 means 47 MED. 


CS12 


VOLTAGE 
O H=75 
S J= 100 


CHARACTERISTIC 
B 
-55°C to +85°C at full rated voltage, 
to +125°C with derated voltage. 


Sipe 
CSiz CSis 
Tantalum Tantalum 


slug 
NOTE: Military number does not designate case size. solid electrolyte ea electrolyte 
See table for specific capacitance and unsleeved metal sleeved metal 


voltage rating. case. case. 


ssopoedey) winjezuel 


OUTLINE DRAWING AND DIMENSIONS 


| CIRCUIT DIAGRAM 


| CASE 


Dimensions for style CS12, non-insulated (mm) Dimensions for style CS13, insulated (mm) 


Case Cc D L M Case Cc D L M 
max. +0.016 (.41) +0.031 +0.005 Size max. +0.016 (.41) +0.031 +0.005 
—0.010 (.25) —0.015 (.38) (.79) —0.001 
A e422 (10.7) ) 013556:4) (0.286 (7.3) 0020.17.51) 
B | 0610 (15.5) | 0.185 (4.7) | 0.474 (12.0) | 0.020 (.51) 
C |0.822 (20.9) | 0.289 (7.3) | 0.686 (17.4) | 0.025 (.51) 
D | 0.922 (23.4) | 0.351 (8.9) | 0.786 (20.0) | 0.025 (.64) 


NOTE: MIL-C-26655 is a cancelled specification. Current military contracts should order MIL-C-39003. Substitutable parts. 
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STYLES CS12 & CS13 | 
_ Type rated Capaci- Cap. +25°C eaEee Case = eee i 
designation 1/ voltage tance Tolerance T25uG +85°C +125°C -55°C +125°C size CSi2 CS13 
_ volts uf ua ua ua percent percent ' 
CS1-BB565K 6 56 K 5 5 6.3 3 4 A 0001 
CS1-BB685K 6 6.8 K b E 6.3 6 6 A 0003 ood 
CS1-BB685M 6 6.8 M 5 5 6.3 6 6 A 0005 0006 
CS1-BB476K 6 47 K 3 30 38 6 6 B 0007 0008. 
CS1-BB476M 6 47 M 3 30 38 6 6 B 0009 0010 © 
CS1-BB566K 6 56 K 8) 30 38 6 6 B 0011 0012. 
‘mal CS1-BB157K 6 150 K fe) 90 gis 8 8 @ 0013 oot 
% CS1-BB157M 6 150 M 9g 90 13 8 8 & 0015 0016 
| CS1-BBt87K 6 180 K 1 110 138 8 8 CS 0017 0018 — 
My CS1-BB277K 6 270 K 13 130 163 8 8 D 0019 0020 © 
~2 CS1-BB337K 6 330 K 15 150 188 8 8 D 0021 0022 
e CS1-BB337M 6 330 M 15 150 188 8 8 D 0023 0024 | 
e oS Se 10 3.9 K 6 6 75 3 4 A 0025 0026 
- 10 aT K 7 7 8.8 3 4 A 0027 0028 > 
>) oe -BC475M 10 47 M 7 7. 8.8 3 4 A 0029 0030 
1-BC276K 10 27 K 4 4O 50 6 6 B 0031 0032 © 
2 CS1-BC336K 10 88 K 5 50 63 6 6 B 0033 0034 
yy CS1-BC336M 10 33 M 5 50 63 6 6 B 0035 0036 — 
8 CS1-BC396K 10 39 K 5 50 63 6 6 B 0037 0038 — 
= ote Ce Sk 10 82 K 8 80 100 6 6 c 0039 0040 — 
6 - O7K 10 100 K 10 100 125 8 8 c 0041 0042 
5 CS1-BC107M 10 100 M 10 100 125 8 8 c 0043 0044 © 
? CS1-BC127K 10 120 K 12 120 150 8 8 (9 0045 0046 © 
CS1-BC187K 10 180 K 18 180 226 8 8 D 0047 0048 — 
CS1-BC227K 10 220 K 20 200 250 8 8 D 0049 0050 
CS1-BC227M 10 220 M 20 200 250 8 8 D 0051 0052 
met ar cet lade arotkage te : é ie : we 
- 1 2! 4 A 
CS1-BD335M 15 3.3 M 8 8 10 3 4 cee moe 
A 0057 0058 
CS1-BD186K 15 18 K 3.5 35 44 6 6 B 0059 0060 — 
CS1-BD226K 15 29 K 4 40 50 6 6 B 0061 0062 — 
CS1-BD226M 15 22 M 4 40 50 6 6 B 0063 0064 © 
CS1-BD566K 15 56 K 8 80 100 6 6 CS 0065 0066 — 
CS1-BD686K 15 68 K 10 100 125 6 6 C 0067 0068 | 
CS1-BD686M 15 68 M 10 100 125 6 6 GC 0069 0070 | 
CS1-BD127K 15 120 K 18 180 226 8 8 D 0071 0072 | 
CS1-BD157K 15 150 K 20 200 250 8 8 D 0073 0074 © 
CS1-BD157M 15 150 M 20 200 250 8 8 D 0075 0076 © 
Seca 0 12 K 6 6 7.5 3 4 A 0077 0078 | 
sae eee @) 1.5 K 6 6 7.5 3 4 A 0079 0080 | 
Soe ae 15 M 6 6 7.5 3 4 A 0081 0082 | 
ee aes a ; 8 K 6 6 7.5 3 4 A 0083 0084 | 
eee a 2 K 8 8 10 3 4 A 0085 0086 | 
2.2 M 8 8 10 3 4 A 0087 0088 | 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, Capacitance tolerance. 
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Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 


Type rated Capaci- 
designation 1/ voltage tance 


DC OC leakage at: Dissipation factor at: Dash Number 
Cap. 
Tolerance 


+25°C +85°C Case 
55°C +125°C size CS12 CcS13 


percent percent 


(= 
set 


| 


(oy) 


CS1-BE826K 
CS1-BE107K 
CS1-BE107M 
CS1-BF334K 
CS1-BF334M 
CS1-BF394K 

CS1-BF474K 
CS1-BF474M 
CS1-BF564K 
CS1-BF684K 
CS1-BF684M 
CS1-BF824K 
CS1-BF105K 
CS1-BF105M 
CS1-BF125K 
CS1-BF155K 

CS1-BF155M 
CS1-BF185K 
CS1-BF225K 
CS1-BF225M 
CS1-BF275K 
CS1-BF335K 
CS1-BF335M 
CS1-BF395K 
CS1-BF475K 
CS1-BF475M 
CS1-BF565K 
CS1-BF685K 
CS1-BF685M 
CS1-BF825K 


INDY TNO) Sy Se ay a 


ssopisedey) winjezuey 


DDMMDMOMONAAAAAAH 


MOP hM — HH AH ASH 
NONOAAMANOO 


On hy 


PS ZK OR 2S ZR BS 2S On OA SOAS OS SR INO SISTA OM 28 FRR IA ROS SIS ON STR IS ROS PS OS ORS AIS KAS 
MDAODWWWWWWWDWWWDWWWWWWWWWWWWWDWDDDADDMDDDADDADDNDMADOD 
OOORARARARARARAARARARAARAAAAARDDNDADADDADDDDDDDOADOOD 
OWDDDDWDWDDWDDDWDDWDWOOYFSrYrYrYrrrrrrrovuovgqd—q~—98090O0%0NdN0000DWDDDAD 


ann nN 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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Military Style Tantalum Capacitors 


MIL-C-26655B 
STYLES CS12 & CS13 
oc = 
Type rated Capaci- Cap. +25°C ca Case 
designation 1/ voltage tance Tolerance +25°G jsesc Cc +125°C 55°C +125°C size Ccsi2 


percent percent 


CS1-BF106K 
CS1-BF106M 
CS1-BF126K 
CS1-BF156K 
CS1-BF156M 
CS1-BF186K 
CS1-BF226K 
CS1-BF226M 
CS1-BF276K 
CS1-BF336K 
CS1-BF336M 
CS1-BF396K 
CS1-BF476K 
CS1-BF476M 
CS1-BG105K 
CS1-BG105M 
CS1-BG125K 
CS1-BG155K 
CS1-BG155M 
CS1-BG185K 
CS1-BG225K 
CS1-BG225M 
CS1-BG275K 
CS1-BG335K 
CS1-BG335M 
CS1-BG395K 
CS1-BG475K 
CS1-BG475M 
CS1-BG565K 
CS1-BG685K 
CS1-BG685M 
CS1-BG825K 
CS1-BG106K 
CS1-BG106M 
CS1-BG126K 
CS1-BG156K 
CS1-BG156M 
CS1-BG186K 
CS1-BG226K 
CS1-BG226M 


a a a ee Y 
OORA=©0 


a an NNANNOW® 


WwWNMNMpPpo HA---- 


ZSAREZKAAZLAKREKXAAKREZRAZAREZEXAZAREKREZEKAKREZEAKREAXAKREZEAAEA 
MMM MDMDMDDAMDMDMDDWWWWWWWWHWWWHWWWHWDMDAADDHAADDHDAAHOAOMD 
MDOMDMMDMHDODOOOAAAAAAAAAAHLAAAADAANDADADADDADHDDDDOOD 
DOWONONNONNONONNONOWDWDWDWDWWADWDWDWDWODDYrFFOVUVVOVIVNNNNNN0O 


a 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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MIL-C-26655B 
STYLES CS12 & CS13 


DC DC leakage at: Dissipation factor at: Dash Number 


rated Capaci- Cap. +25°C +85°C Case 
voltage tance Tolerance +25°C + oocG +125°C -55°C +125°C size GSi2 CS$13 


uf ua ua percent percent 
S1-BH104K nS NO) K iS 5) 3 4 A 
S1-BH104M Ks 10) M ‘5 S) 3 4 A 
$1-BH124K he WZ K S S) 3 4 A 
S1-SBH154K 75 a5 K nS) S 3 4 A 
Si-BH154M Ys aS M 5 5 3 4 A 
S1-BH184K 75 18 K “5 5 3 4 A 
S1-BH224K US DE K 5 S 3 4 A 
S1-BH224M WS DE M S 5 3 4 A 
S1-BH274K TAs) Pi K 1B) 5 3 4 A 
S1-BH334K es ‘SS K KS) 5 3 4 A 
S1-BH334M 1S oS M ig 5 S) 4 A 
S1-BH394K TAs) 39 K iS 5 3 4 A 
S1-BH474K Vs 47 K 46) > 3 4 A 
S1-BH474M 79) 47 M 5 S) 3 4 A 
S1-BH564K WS 56 K 5 5 S 4 A 
S1-BH684K AS 68 K 5 S 3 4 A 
S1-BH684M U3) 68 M AS) S} S' 4 A 
S1-BH824K KS 82 K ES) 5) 3 4 B 
S1-BH105K US 1.0 K & S 3 4 B 
oS -BH105M “S Ve M 15) S 3 4 B 
DS1-BH125K Us lez K iS) 5 3 4 B 
S1-BH155K > eS K 1.0 S 4 B 
>S1-BH155M 75 es) M 1.0 3 4 B 
S1-BH185K Us 1.8 K 1.0 3 4 B 
5S 1-BH225K Vis) De K 1s 3) 4 B 
2S1 -BH225M 15 De M 1s 3 4 B 
PS -BH275K 1S) Bi K Was 3 4 B 
>S1 -BH335K WS hxc) K 2 S 4 B 
2S1-BH335M GS SS M 2 3 4 B 
2S1 -BH395K Vs 3.9 K 2 3 4 B 
7S 1-BH475K US 4.7 K 6 3 4 C 
>S1-BH475M 75 4.7 M 6 3 4 C 
0S 1-BH565K 15 2.6 K 6 3 4 Cc 
0S 1-BH685K is 6.8 K 10 6 6 C 
>S1-BH685M US 6.8 M 10 6 6 C 
>S1-BH825K is 8.2 K 10 6 6 C 
>S1-BH106K GS 10 K 10 6 6 C 
>S1-BH106M 15 10 M 10 6 6 Cc 
7S1-BH126K VS 12 K 10 6 6 D 
>S1-BH156K YS VS K 14 6 6 D 
>S1-BH156M 1%) WS M 14 6 6 D 


/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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Military Style Tantalum Capacitors 


MIL-C-26655B 


STYLES CS12 & CS13 
—— 
DC DC leakage at: Dissipation factor at: Dash Number 
Type rated Capaci- Cap. | 42520 | +25°C +85°C Case 
designation 1/ voltage tance Tolerance +25°C +85°C +125°C -55°C +125°C size csi2 CS13 | 
volts uf ua ua ua percent percent 
CS1-BJ472K 100 .0047 K o) ‘S) 6.3 3 4 A 0341 0342 
CS1-BJ472M 100 .0047 M Re) S 6.3 3 4 A 0343 0344 
CS1-BJ562K 100 .0056 K iS 5 6.3 S' 4 A 0345 0346 
CS1-BJ682K 100 .0068 K 45) 5 6.3 3 4 A 0347 0348 
CS1-BJ682M 100 .0068 M § S 6.3 3 4 A 0349 0350 
CS1-BJ822K 100 .0082 K KS) 5) 6.3 3 4 A 0351 0352 
CS1-BJ103K 100 01 K KS) 5 6.3 Ss 4 A 0353 0354 
CS1-BJ103M 100 01 M 5) 5 6.3 3 4 A 0355 0356 
Py CS1-BJ123K 100 012 K ey 5 6.3 S} 4 A 0357 0358 
3 CS1-BJ153K 100 015 K © 5 6.3 3 4 A 0359 0360 
an CS1-BJ153M 100 OMS M 45) @) 6.3 3 4 A 0361 0362 
Q CS1-BJ183K 100 018 K 45) 5 6.3 3 4 A 0363 0364 
= CS1-BU223K 100 022 K 5 5 6.3 3 4 A 0365 0366 — 
an CS1-BJ223M 100 022 M 5 5 63 3 4 A 0367 0368 
3 CS1-BJ273K 100 O27 K 9) S) 6.3 S 4 A 0369 0370 
CS1-BJ333K 100 1083 K is) s) 6.3 3 4 A 0371 0372: 
'e) CS1-BJ333M 100 .033 M 1S S 6.3 S 4 A 0373 0374 
tt) CS1-BJ393K 100 .039 K f) 5) 6.3 6} 4 A 0375 0376— 
xs} CS1-BJ473K 100 .047 K 42) S) 6.3 3 4 A 0377 0378 
ot) CS1-BJ473M 100 047 M 5 5 6.3 3 4 A 0379 0380. 
+) CS1-BJ563K 100 .056 K Is 5 6.3 3 4 A 0381 0382 
eh CS1-BJ683K 100 .068 K “2 5) 6.3 3 4 A 0383 0384 
8 CS1-BJ683M 100 .068 M 45) 5 6.3 Ss 4 A 0385 0386 
a | | CS1-BJ823K 100 .082 K KS 5) 6.3 3 4 A 0387 0388 
~” | CS1-BJ104K 100 at K 4S) 5 6.3 3 4 A 0389 0390 
| CS1-BJ104M 100 El M #5) 5 6.3 3 4 A 0391 0392 
CS1-BJ124K 100 AZ K 5 5 6.3 3 4 A 0393 0394 
CS1-BJ154K 100 abs) K 5 iS 6.3 3 4 A 0395 0396 
CS1-BJ154M 100 ald M 1S 5) 6.3 3 4 A 0397 0398 
CS1-BJ184K 100 18 K Hs) 5 6.3 3 4 A 0399 0400 
CS1-BJ224K 100 PEP K 5 5 6.3 3. 4 A 0401 0402 
CS1-BJ224M 100 ae M is; 5 6.3 3 4 A 0403 0404 
CS1-BJ274K 100 PAE K ) 5 6:3 | 4 A 0405 0406 
CS1-BJ334K 100 Ce) K ds S) 6.3 So 4 A 0407 0408 
CS1-BJ334M 100 oS M ) 5) 6.3 3 4 A 0409 0410. 
CS1-BJ394K 100 39 K 43) 5 6.3 3 4 A 0411 0412 
CS1-BJ474K 100 47 K iS} 5 6:3 Ss 4 A 0413 0414. 
CS1-BJ474M 100 47 M aS) S 6.3 3 4 A 0415 0416. 
CS1-BJ564K 100 .56 K iS S 6.3 3 4 A 0417 0418 
CS1-BJ684K 100 .68 K 433 iS} 6.3 3 4 B 0419 0420 
CS1-BJ684M 100 .68 M 1S 5 6.3 3 4 B 0421 0422 
CS1-BJ824K 100 82 K 5 5) 6.3 3 4 B 0423 0424 
CS1-BJ105K 100 1.0 K 5 S) 6.3 3 4 B 0425 0426 
CS1-BJ105M 100 1.0 M 45° 5 6.3 3 4 B 0427 0428 
CS1-BJ125K 100 eZ K 5 iS 6.3 $j 4 B 0429 0430 
CS1-BJ155K 100 15 K 1.0 10 ik: 3 4 B 0431 0432 
CS1-BJ155M 100 Wes M 1.0 10 is 3 4 B 0433 0434 - 
CS1-BJ185K 100 Use} K Ve 10 13 3 4 B 0435 0436 
CS1-BJ225K 100 QP K LS is 19 3 4 B 0437 0438 
Cee 100 Pape M Ue Ss 19 $) 4 B 0439 0440 
CS1-BJ275K 100 2a K US) 15 19 3 4 B 0441 0442 
meee es 


1/ Complete type designation will include additional symbols to indicate style, and where applicable, capacitance tolerance. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


DESIGN AND CONSTRUCTION 


MIL-C-39003 


Each established reliability capacitor consists of a highly purified contacts of 0.5 milliseconds (ms) or greater duration, or arcing or 
sintered tantalum anode body utilizing an electrolytically formed other indication of breakdown, nor shall there by any open- or short- 
oxide dielectric, and a solid electrolyte, enclosed in a hermetically circuiting or evidence of mechanical damage. 


sealed metal case with axial leads. This construction will enable the 
capacitor to withstand the most stringent environmental requirements. 


CASE INSULATION 

Case insulation of Style CSR capacitor will not soften or creep at 
the high ambient temperature. Insulation shall possess a minimum 
dielectric strength of 2000 VDC and insulation resistance of 1000 
megohms minimum. 


TERMINALS 

Leads are the solid conductor type with lengths and diameters spe- 
cified in table. Material is Type N4 to MIL-STD-1276 electro tin plated to 
provide coverages and solderability as specified in MIL-STD-202. method 
208. The tin content of the coating does not exceed 70 percent. N5 (Hot 
Solder Dipped) leads are an option. 

Each lead shall withstand five bends and five twists per method 2174 
of MIL-STD-202, without loosening, breaking, or showing other 
permanent damage. One bend consists of rotating the capacitor body 
90° from vertical to horizontal and return with a three (3) pound weight 
attached to the lead. One twist is defined as one 360° rotation of the 
lead about its own axis in a period not to exceed 5 seconds. 


D.C. LEAKAGE 

D.C. leakage shall be measured using the dc rated voltage at +2 
percent at the applicable test temperature, after a maximum electri- 
fication period of 5 minutes. A 1,000-ohm resistor shall be placed in 
series with the capacitor to limit the charging current. A steady source 
of power, such as a regulated power supply shall be used. 
Measurement accuracy shall be within +2 percent or 0.02 
microampere (ua), whichever is greater. 


CAPACITANCE 

Capacitors shall be tested in accordance with method 
305 of MIL-STD-202. The following details shall apply: 

(a) Test frequency — 120 + 5 Hertz (cycles per second). 


(b) Limit of accuracy — Measurement accuracy shall be 
within +2 percent of the reading. 
(c) Magnitude of polarizing voltage — Maximum dc bias 


shall be 2.2 volts for all ac measurements. The magnitude 
of the ac voltage shall be limited to 1.0 volts rms. 


DISSIPATION FACTOR 

The dissipation factor of each capacitor shall be measured at a 
frequency of 120 + 5 Hertz (Hz) by means of a polarized capacitance 
bridge. The bridge shall provide a dial reading accuracy of 0.1 percent 
dissipation factor and a measuring accuracy of + 2 percent of the 
measured dissipation factor plus 0.1 percent. 


SHOCK, MEDIUM IMPACT 
Capacitors shall be tested in accordance with method 205 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Special mounting means — Capacitors shall be rigidly mounted 
on a mounting fixture by the body. Leads shall be secured to 
rigidly supported terminals, so spaced that the length of each 
lead from the capacitor is approximately ¥% inch when measured 
from the edge of the supporting terminal. Leads shall be within 
30 degrees of being parallel. When securing leads, care shall be 
taken to avoid pinching the leads. 

(ob) Test condition letter — C (30-inch drop). 

(c) Measurements and electrical loading during shock — during the 
test, observations shall be made to determine intermittent 
contact or arcing or open or short-circuiting. Detecting equip- 
ment shall be sufficiently sensitive to detect any interruption 
with a duration of 0.5 ms. The dc rated voltage shall be applied to 
the capacitors during the test. 


When capacitors are tested as specified there shall be no intermittent 
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VIBRATION, HIGH FREQUENCY 

Capacitors shall be tested in accordance with method 204 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Mounting of specimens — Capacitors shall be securely 
mounted by their leads and by their bodies by supplementary 
mounting means. 

(b) Electrical-load conditions — During the test, the specified dc 
rated voltage shall be applied to the capacitors. 

(c) Test condition letter — D (20G’s). 

(d) Duration and direction of motion — 4 hours in each of two 
mutually perpendicular directions (total of 8 hours), one parallel 
and the other perpendicular to the cylindrical axis. 
Measurements during vibration — During the last cycle, an 
electrical measurement shall be made to determine intermittent 
operation or oDen- or short-circuiting. Observations shall also 
be made to determine intermittent contact or arcing or open- or 
short-circuiting. Detecting equipment shall be sufficiently sensi- 
tive to detect any interruption with a duration of 0.5 ms, or 
greater. 


(e 


See 


When capacitors are tested as specified, there shall be no inter- 
mittent contacts of 0.5 ms or greater duration, or arcing or other 
indication of breakdown, nor shall there be any open- or short- 
circuiting or evidence of mechanical damage. 


SALT SPRAY (Corrosion) 

Capacitors shall be tested in accordance with method 101 of MIL- 
STD-202. The following details and exception shall apply: 

(a) Applicable salt solution — 5 percent. 

(b) Test condition letter — B (48 hours). 

When capacitors are tested as specified, there shall be no harmful 
corrosion, and at least 90 percent of any exposed metal surface of the 
capacitor shall be unaffected. In addition, there shall be not more than 
10 percent corrosion of the terminal surface. There shall be no 
unwrapping or mechanical damage to insulating sleeves. The marking 
shall remain legible. 


THERMAL SHOCK AND IMMERSION 

THERMAL SHOCK: Capacitors shall be tested in accordance with 
method 107 of MIL-STD-202. The following details and exceptions 
shall apply: 

(a) Conditioning prior to first cycle — 15 minutes at the inspection 
conditions specified in MIL-STD-202. 

(b) Test condition letter — B. 

(c) Measurements before and after cycling — Not applicaole. 

IMMERSION: Following temperature cycling, capacitors shall be 

tested in accordance with method 104 of MIL-STD-202. The follow- 
ing details and exceptions shall apply: 

(a) Test condition letter — B. 

(b) Measurements after final cycle — Within 30 minutes after 
removal from the final immersion bath, the dc leakage, cap- 
acitance, and dissipation factor shall be measured as specified 
above. 

(c) Examination after test — Capacitors shall be visually examined 
for evidence of corrosion, mechanical damage, and obliteration 
of marking. 

When tested as specified, capacitors shall meet the following 

requirements: 

DC leakage — Shall not exceed the requirement specified in table 

for specific rating. 

Capacitance — Shall change not more than +3 percent from the 

initial value. 

Dissipation factor — Shall not exceed the requirement specified in 

tabie for specific rating. 
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Military Style Tantalum Capacitors 


MIL-C-39003 


RADIOGRAPHIC INSPECTION 

Capacitors shall be X-rayed in one plane at 90-degree rotation per- 
pendicular to their longitudinal axis for evidence of improperly made 
connections, misalignment of slugs and seals or eyelets, sub- 
standard soldering or structural weakness, or solder particles: or 
slivers attached to one end. The X-rays thus obtained shall be 
retained by the manufacturer. X-rays shall be available for each lot 
produced to allow a review at the discretion of the procuring activity. 
The magnification during visual examination shall be 2 power, minimum. 
If number of defectives exceed the allowable limit, X-ray shall be 
performed in two planes for all subsequent lots. Manufacturer may 
return to one plane testing when three sequential lots meet speci- 
fication limits. 


When capacitors are tested as specified, radiographic inspection 
shall disclose no evidence of improperly made connections, mis- 
alignment of slugs and seals or eyelets, substandard soldering or 
structural weakness, or solder particles or slivers attached to one 
end. 


MOISTURE RESISTANCE 
Capacitors shall be tested in accordance with method 106 of MIL- 
STD-202. The following details and exceptions shall apply: 

(a) Mounting — Except during examination and measurements, 
capacitors shall be securely fastened by the body. 

(b) Initial measurements — Not applicable. 

(c) Polarization and loading voltages — Not applicable. 

(d) Final measurements — After the final cycle and within 2 to 6 
hours after removal of the capacitors from the humidity chamber, 
the dc leakage, capacitance, and dissipation factor shall be 
measured, at the initial inspection conditions specified. 

(e) Examinations after test — Capacitors shall be visually examined 
for evidence of corrosion, mechanical damage, and obliteration 
of marking. 

When tested as specified, capacitors shall meet the following 

requirements. 

DC leakage — Shall not exceed the requirement specified. 

Capacitance — Shall change not more than +2% from initial value. 

Dissipation factor — Shall not exceed the requirement specified. 

Visual examination — There shall be no evidence of mechanical 

damage and the marking shall remain legible. 


STABILITY AT LOW AND HIGH TEMPERATURE 
Capacitors will meet the following requirements as applicable. 
Step 1 (+25°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall be within the tolerance specified in the type 
designation specified. 
Dissipation factor — Shall not exceed the applicable value specified. 
Step 2 (-55°C): 
Capacitance — Shall change not more than +10% from the step 1 
measured value. 
Dissipation factor — Shall not exceed the applicable value specified. 
Step 3 (+25°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +2 percent from tne 
step 1 measured value. 
Dissipation factor — Shall not exceed the applicable value specified. 
Step 4 (+85°C): 
DC leakage — Shall not exceed the applicable value specified. 


Capacitance — Shall change not more than +8% from the step 1 
measured value. 


Dissipation factor — Shall not exceed the applicable value specified. 
Step 5 (+25°C): 
DC leakage — Shall not exceed the applicable value specified. 
Capacitance — Shall change not more than +2 percent from the 
step 1 measured value. 
Dissipation factor — Shall not exceed the applicable value specified. 
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SURGE VOLTAGE 

Capacitors shall be subjected to 1,000 cycles of the applicable 
surge voltage. The ambient temperature during cycling shall be 
+85°C. Each cycle shall consist of a 30-second surge voltage 
application followed by a 30-second discharge period. Voltage ap- 
plication shall be made through aresistor of 33 ohms. The tolerance 
of the resistor shall be +5 percent. Each surge voltage cycle shall be 
performed in such a manner that the capacitor is shorted terminal to 
terminal through a copper bar, or an equivalent low resistance at the 
end of the 30-second application. An alternate method of shorting the 
capacitors is discharge through the same resistance that is utilized 
for charging. After the final cycle, the capacitors shall be stabilized at 
the inspection conditions, and the dc leakage, capacitance, and 
dissipation factor shall be measured. 

When tested as specified, capacitors shall meet the following 
requirements: 

DC leakage — Shall not exceed the requirement specified. 

Capacitance — Shall change not more than +2% from initial value. 

Dissipation factor — Shall not exceed the requirement specified. 


WEIBULL AND EXPONENTIAL DISTRIBUTIONS 

Exponential lifetest devices (dash numbers) are available for existing 
equipment designs in the M, PR, and S failure rate levels. All new designs 
must utilize the Weibull distribution (dash numbers) and associated failure 


rate(s). (After August 15, 1984) 
Symbol 


Exponential 
Failure Rate Level 
(%/1,000 hr) 


Weibull 
Failure Rate Level 


( 
Symbol (%/1,000 hr) 


The existing exponential lifetest CSR styles required only a 40 hour 
voltage aging at rated voltage prior to shipment. The failure rate on each 
lot was determined by the demonstrated generic lifetest data history of 
any given manufacturer, and that manufacturers’ internal testing to guar- 
antee the given failure rate level shipped. 

The new CSR Weibull lifetest system, and associated military dash 
numbers, requires a lot/lot 100% accelerated aging sequence on each 
lot processed. This aging method utilizes the decreasing rate of failure 
which is applicable to solid tantalum capacitors, i.e., the rate of failure 
in any given lot gets smaller and smaller for times in excess of 100,000 
hours. The decreasing rate of failure seen during life testing on solid 
tantalum capacitors makes the Weibull (accelerated voltage) aging con- 
cept uniquely correct for these designs. 

Statistical treatment becomes somewhat more difficult, but the Weibull 
approximation fits very nicely and enables a straight line slope when 
predicting failure rate(s) from observed failure(s) at precise time intervals. 
This method additionally permits extrapolation to predict the time needed 
on voltage age to reach a desired failure rate. 

In effect, by accelerating the applied voltage during the 85°C aging 
sequence, we are accelerating the incidence of failure(s) that might occur. 
These higher than rated voltage applied levels are called acceleration 
levels (factors) and are carefully designed for each voltage family of 
devices. As an example, an applied voltage of 1.1 times the rated voltage 
may indicate that for every hour of test under these conditions is equal 
to 4X the number of standard 85°C hours, at applied rated voltage. 
Obviously there are limits of applied voltage permissable under accel- 
erated conditions since the device design could be over stressed. 

As can be seen, all new equipment design (August 15, 1984) requires 
the Weibull dash number series for any CSR style. A thorough grounding 
in the Weibull theory, as applied to accelerated voltage aging of tantalum 
capacitors, can be reviewed in the latest revision of MIL-C-39003, capaci- 
tors fixed, electrolytic tantalum, general specification for. 
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Military Style Tantalum Capacitors 


MIL-C-39003 
QUALIFICATION 


LIFE TEST (EXPONENTIAL DASH NUMBERS) 
Capacitors shall be tested in accordance with method 108 of MIL- 
STD-202. The following details and exception shall apply: 
(a) Distance of temperature measurements from specimens, in 
inches — Not applicable. 
(b) Method of mounting — Capacitors shall be mounted by their 


leads. 
(c) Test temperature and tolerance — The applicable high test 
+4° 
temperature is 125° —O°C. The standard high temperature shall 
ates 
boos. —0 C. 


(d) Operating conditions — rated dc voltage or the derated voltage at 
125°C, as applicable, shall be applied gradually (not to exceed 5 
minutes either by a slow build-up of the voltage or through a 
resistor which shall be shorted out within 5 minutes). Voltage 
shall be applied continuously except for measurement periods. 
The impedance of the voltage source, as seen from the terminals 
of each capacitor, shall not exceed 3 ohms. Storage batteries 
or an electronic power supply capable of supplying at least 1 
ampere when a capacitor is shorted shall be used. 

(e) Test condition letter — F (2,000 hours). 

(f) Measurements during exposure — DC leakage at the applicable 
high test temperature shall be made at the following intervals: 0; 

+48 +48 fife 
250 -0; 1,000 -0; 2,000 -O hours. 


QUALITY CONFORMANCE INSPECTION: 

For group C inspection — When tested as specified above, capacitors 
shall meet the following requirements: 
At 25°C: 

DC leakage — Shall not exceed the applicable value specified. 

Capacitance — Shall change not more than +2% from the value 

obtained when measured as specified. 

Dissipation factor — Shal! not exceed the applicable value specified. 
At 85°C: 

DC leakage — Shall not exceed the applicable value specified. 
At 125°C: 

DC leakage — Shall not exceed the applicable value specified. 

Capacitors shall be visually examined for evidence of mechanical 
damage. In addition, capacitors shall be subjected to the insulating 
sleeving dielectric strength test as specified following these 
measurements. 
Group B Performance check (Exponential Dash Number only) —Capacitor 
shall be tested as specified above with the following exceptions: 

(a) The duration of the test shall be 250 hours. 

(6) The 85°C rated voltage shall be used for this test. 

ait 
(c) The test temperature shall be 85° —O°C. 
(d) The insulating sleeving dielectric strength test need not be 
performed. 

Following the Performance check, capacitors shall meet the same 
requirements as specified for Group C inspection. 

Extended life test — Capacitors shall be tested as specified above, 
except that the duration of the test shall be 10,000 hours. DC leakage 
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(at the applicable high test temperature) shall be made at the following 
+48 +48 siBih 
intervals: 0; 250 —O ; 1,000 —O ; 2,000 —O ; and every 2,000 hours 
+96 
thereafter until 10,000 —O hours have elapsed. 
When tested as specified above, capacitors shall meet the following 
requirements: 
At 25°G; 
DC leakage — Shall not exceed 200 percent of the value specified. 
Capacitance — Shall change not more than +10 percent from initial 
measurement. 
Dissipation factor — Shall not exceed the applicable value specified. 
At 85°C: 
DC leakage — Shall not exceed 200 percent of the value specified. 
At 125°C: 


DC leakage — Shall not exceed 200 percent of the value specified. 


DC Rated and Surge Voltages 


Voltage DC DC working voltage DC surge voltage 
Symbol rated 
voltage 85°C 125°C 85°C 1125.6 
Bee eee 6 6 4 8 5 
CO: eee 10 10 7 13 9 
OOF x. hae 19) is) 10 20 12 
Ee. ere 20 20 ie 26 16 
ae Re Peete 35 SS 23 46 28 
Gite ae 50 50 33 65 40 
hone sores Tks) WS 50 98 64 
SU, Cee Re oc 100 100 67 130 86 
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MIL-C-39003 


Military Style Tantalum Capacitors 


Dimensions — Inches (mm) 


Dissipation factor 
Dc at 


Capacitance 
rated tolerance 
+25°C | +85°C | +125°C +25°C +85°C 
+125°C 
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Percent 
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MIL-C-39003/02 
STYLE CSRO9 


Failure rate level for 
(%/1,000 hrs) 


R B Cc D 
0.01 0.1 0.01 | 0.001 


Case 
size 


__ — 


a ln mh ln 
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MIL-C-39003/02 
STYLE CSRO9 
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MILITARY CODING SYSTEM 
PART NUMBER SYSTEM 


EXAMPLE M39003 /02 —0042 


Dash # assigned for each specific value of capacitance voltage, capaci- 
tance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style—CSR09 


MIL-C-39003 — Generic specification for established reliability solid tan- 
talum capacitors. 


NOTE: Military number does not specify capacitance voltage, 
capacitance tolerance, failure rate, or case size. See table. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


MILITARY CODING SYSTEM 


PART NUMBER SYSTEM 


EXAMPLE M39003 


Dash # assigned for each specific value of capacitance voltage, capaci- 
tance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style—CSR13 


MIL-C-39003 — Generic specification for established reliability solid tan- 


talum capacitors. 


NOTE: Military number does not specify capacitance voltage, 
capacitance tolerance, failure rate, or case size. See table. 
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Dimensions — Inches (mm) 


D d 
+.016 (.41) 
—.015 (.38) +.002 (.05) 


L 
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SIZE | +.031 (.79) 
A 0.286 ( 7.26) 
B 0.474 (12.04) 
G 0.686 (17.42) 
D 0.786 (19.96) 


0.135 (3.43) 0.020 (0.51) 0.422 (10.72) 
0.185 (4.70) 0.020 (0.51) 0.610 (15.49) 
0.289 (7.34) 0.025 (0.64) 0.822 (20.88) 
0.351 (8.92) 0.025 (0.64) 0.922 (23.42) 


256 Philips Components * 5900 Australian Avenue » West Palm Beach, FL 33407 « (407) 863-1800 « FAX: (407) 863-1811 


MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 
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Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


DC leakage Dissipation factor Dash number M39003/01- 
at at Failure rate level for 
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STYLE CSR13 
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Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 
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Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


DC leakage Dissipation factor Dash no. M39003/01- 
at at Failure rate level for 
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Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


DC eae tl factor Dash no. M39003/01- 
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Military Style Tantalum Capacitors 


MIL-C-39003/01 
STYLE CSR13 


DC leakage Dissipation factor Dash number M39003/01- 
at at Failure rate level for 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/09 
STYLE CSR21 


PART NUMBER SYSTEM 


EXAMPLE M39003 /09 —0042 


Dash # assigned for each specific value of capacitance voltage, capaci- 
tance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style — CSR 21 


——_— MIL-C-39003 — Generic specification for established reliability solid tan- 
talum capacitors. 


NOTE: Military number does not specify capacitance voltage, 
capacitance tolerance, failure rate, or case size. See table. 


OUTLINE DRAWING AND DIMENSIONS 
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lg 


CIRCUIT DIAGRAM _ 


aaa 


CASE 


. ‘Dimensions — Inches (mm) 
L D M 
+.016 (.41) 
+.031 (.79) —.015 (.38) +,002 (.05) max. 


0.686 (17.42) 0.289 (7.34) 0.025 (0.64) 0.822 (20.88) 
0.786 (19.96) 0.351 (8.92) 0.025 (0.64) 0.922 (23.42) 


NOTES: 


1. The case insulation shall extend .015'' (0.388mm) minimum beyond each end. However, when a shrink-fitted insulation 
is used, it shall lap over the ends of the capacitor body. 


2. Lead length may be a minimum of 1-inch long for use in tape and reel automatic insertion equipment, when specified. 
3. Insulation thickness is included in dimension D. 
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Military Style Tantalum Capacitors 


MIL-C-39003/09 
STYLE CSR21 


DC leakage 


at 
Capaci- 
Capaci- tance 
tance | tolerance | +25°C | +85°C | +125°C 
WA ~ | Percent 
0 i" 


Percent uA 

5 9 

10 

20 
5) 
10 
5 
10 
5 
10 


Derated 


Ripple 


DC current ripple 
rated 40kHz current 
voltage 25°C | 1KHz25°C 


(max) (max) 


S 
> 
n 


lb 


HM DWWDODMDDMD AD 
AAaAaniniainninn 


OONAUIARARIOCOODOHDOAMNMAAAINNNOOOMARA 


— 
-) 


PUPP) PRP AVM) (SNS SIAM) |SNSNONSLEK@YV@) CVO E@) SNELL. OOUOEKS) 


NUN VNUNVNNN[WWWWONNNNN[WWWWHOWBHHKONN|AAARAWOWWO 


AABRBRWWWNHNIDAHAAANNNADIOOONNNYNOOOCOOlWWHo = HA RWWwO 
HAA BB nA n[WWWNNNNND==/WWWWWNNNNNY=—|WHWWWONNNMND 


CONNER RANA OB OONDNOO|ARRARANANNNOHO|DOOARRAROOO 


HODANAIMANMAIAIAAIDODDADADADAM® 


SS oe pe IIIS 
AnTOONAGAN 


266 Philips Components * 5900 Australian Avenue * West Palm Beach, FL 33407 + (407) 863-1800 - FAX: (407) 863-1811 


= 


‘Part no. M39003/09- 
Failure rate level for 

Case (%/1,000 hrs) 

size 


R s C D 
0.01 | 0.001 0.01 | 0.001 


MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/09 
STYLE CSR21 
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tance current | Case (%/1,000 hrs) 
tolerance | +25°C | +85°C | +125°C | +25°C 1KHz25°C P R Cc D 
(max) 0.1 0.01 0.01 | 0.001 


Percent 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/03 
STYLE CSR23 


MILITARY CODING SYSTEM 


M39003 —0001 


ay BES Dash number assigned for each specific value of capacitance-voltage, 
capacitance tolerance, and failure rate level. See table for specific rating. 
Detail sheet for specific style — CSR23 
MIL-C-39003 — Generic specification for established reliability solid 


tantalum capacitors. 


NOTE: Military number does not specify capacitance, 
voltage, capacitance, tolerance, failure rate, or 
case size. See table. 
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CIRCUIT DIAGRAM 


oe 


CASE 


easel 
Dimensions — Inches (mm) 
L D | d a C 
CASE +.016 (.41) 
SIZE | +.031 (.79) —.015 (.38) +.002 (.05) max. 
A 0.286 ( 7.26) 0.135 (3.43) 0.020 (0.51) 0.422 (10.72) 
B 0.474 (12.04) 0.185 (4.70) 0.020 (0.51) 0.610 (15.49) 
C 0.686 (17.42) 0.289 (7.34) 0.025 (0.64) 0.822 (20.88) 
D 0.786 (19.96) 0.351 (8.92) 0.025 (0.64) 0.922 (23.42). 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/03 
STYLE CSR23 


DC leakage Dissipation factor Part no. M39003/03- 
we at at Failure rate level for 
(%/1,000 hrs) 


ted Capacitance Case 
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voltage +25-G +85°C +125°C —55°C +25°C Cc D 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/03 
STYLE CSR23 


DC leakage Dissipation factor Part no. M39003/03- 
at at Failure rate level for 


tolerance size (%/1,000 hrs) 
+25°C +85°C +125°C —55°C +25°C Cc D 
} 0.01 | 0.001 


Percent 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/06 
STYLE CSR33 


MILITARY CODING SYSTEM 


M39003 /06 —0001 


| Dash number assigned for each specific value of capacitance-voltage, 


capacitance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style — CSR33 


MIL-C-39003 — Generic specification for established reliability solid 
tantalum capacitors. 


NOTE: Military number does not specify capacitance, 
voltage, capacitance, tolerance, failure rate, or 
case size. See table. 
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CIRCUIT DIAGRAM 
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CASE 


0.286 ( 7.26) 
0.474 (12.04) 
0.686 (17.42) 
0.786 (19.96) 
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D 
+.016 (.41) 
—.015 (.38) 


0.135 (3.43) 
0.185 (4.70) 
0.289 (7.34) 
0.351 (8.92) 


d 


+.002 (.05) 
0.020 (0.51) 
0.020 (0.51) 
0.025 (0.64) 
0.025 (0.64) 


0.422 (10.72) 
0.610 (15.49) 
0.822 (20.88) 
0.922 (23.42) 
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Military Style Tantalum Capacitors 


MIL-C-39003/06 
STYLE CSR33 


DC teakoue ea ee factor Part no. M39003/06- 
DC Capaci- . Failure rate level for 


rated tance place ° pa (%/1,000 hrs) 
veltage: jra(ren) +25°C | +85°C | +125°C | —55°C | +85°C Cc Dd | 
+25°C | +125°C 0.01 | 0.001 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/06 
STYLE CSR33 


DC leakage Part no. M39003/06- 
at at Failure rate level f 
tolerance size (%/1,000 hrs) 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 
MILITARY CODING SYSTEM 
M39003 _/04. _ —1195 


| Dash number assigned for each specific value of capacitance-voltage, 
capacitance tolerance, and failure rate level. See table for specific rating. 


Detail sheet for specific style — CSR91. 


MIL-C-39003 — Generic specification for established reliability solid 
tantalum capacitors. 


NOTE: Military number does not specify capacitance, 
voltage, capacitance tolerance, failure rate, or 
case size. See table. 
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CIRCUIT DIAGRAM 


“yt 4 


CASE 


Dimensions — Inches (mm) 


L D d 
+0.010 (0.25) 
+0.031 (0.79) —0.015 (0.38) +0.002 (0.05) 


0.575 (14.61) 0.161 (4.09) 0.020 (0.51) 0.750 (19.05) 
0.955 (24.26) 0.207 (5.26) 0.020 (0.51) 1.130 (28.70) 
1.350 (34.29) 0.314 (7.98) 0.025 (0.64) 1.525 (38.74) 
1.550 (39.37) 0.376 (9.55) 0.025 (0.64) 1.725 (43.82) 


1. The case insulation shall extend .015 (.38 mm) minimum beyond each end. However, when a shrink-fitted insulation is used, it shall 
lap over the ends of the capacitor body. 


2. All CSR91 capacitors are insulated. 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 
Failure rate level for 
DC leakage Dissipation (%/1,000 hrs) 
Rated Capacitance Capacitance (max) factor (max) Case B c D 
voltage (nom) tolerance +25°C +25°C size 0.01 0.01 | 0.001 


Volts, NP Percent Percent 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 
Failure rate level for 
0 
DC leakage Dissipation (%/1,000 hrs) 
Rated Capacitance Capacitance (max) factor (max) Case M R Ss B Cc D 
voltage tolerance +25°C +25°C size 1.0 0.01 | 0.001 | 0.01 0.01 | 0.001 


Percent Percent 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 
Failure rate level for 
DC leakage Dissipation (%/1,000 hrs) 
Rated Capacitance Capacitance (max) factor (max) Case M B Cc D 
voltage ( ) tolerance +25°C +25°C size 1.0 0.01 0.01 | 0.001 


Percent Percent 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Failure rate level for 
DC leakage Dissipation (%/1,000 hrs) 


Capacitance (max) factor (max) Case Ss B Cc D 
tolerance SPA 2 LG size 0.001 | 0.01 0.01 | 0.001 
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MIL-C-39003 


Military Style Tantalum Capacitors 


MIL-C-39003/04 
STYLE CSR91 
NON-POLAR 


Dash number 


Failure rate level for 


DC leakage Dissipation (0/A000ibFS) 


Rated Capacitance Capacitance (max) factor (max) Case R B Cc D 
voltage tolerance +25°C +25°C size 0.01 0.01 0.01 | 0.001 


Percent 


Volts, NP Percent 
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MIL-C-3965 


Military Style Tantalum Capacitors 
CL20 CL21 


MIL-C-3965 Part Number System 


Example: CL31 B J 200 M P G 


Style Description Citaractarten Seal 
CL20 Polar, etch foil, uninsulated oe Nae i G—Hermetic (Glass 
CL21 Polar, etch foil, insulated SS OEE veil 


E—Non hermetic (Elastomer) 


(Will operate up 
to 125°C when Capacitance—Expressed in (uf) 
properly derated) First two digits represent significant 
figures; third digit represents number 
of zeros to follow. “R” indicates 
decimal point. 


CL22 Non polar, etch foil, uninsulated 
CL23 Non polar, etch foil, insulated 
CL30 Polar, plain foil, uninsulated 
CL31_ Polar, plain foil, insulated 

CL32 Non polar, plain foil, uninsulated 
CL33 Non polar, plain foil, insulated 
CL70 Polar, high-etch foil, uninsulated 
CL71 Polar, high-etch foil, insulated 


Construction 
P—Polar 


N— 
CL72 Non polar, high-etch foil, uninsulated Voltage Volts ~—- Voltage_~——Vots MMe 
CL73 Non polar, high-etch foil, insulated Symbol 85°C/125°C Symbol 85°C/125°C 
A 3/2 N 100/65 
B 6/4 O 250/165 
C 8/5 P 125/85 
D 10/7 Q 150/100 
E 15/10 R 180/120 Capacitance Tolerance 
F 20/13 Ss 270/180 Symbol % 
G 25/15 if 360/240 J +5 
H 30/20 U 450/300 K +10 
112/75 V 540/360 L +15 
J 50/30 Ww 630/420 M +20 
K 60/40 x 300/200 Ss +30-15 
L 75/50 Y 375/250 T +50-15 
M 90/60 Z 200/150 U +75-15 


Outline Drawing and Dimensions 
Styles CL20-23, CL30-33, and CL70-73 


TANTALUM FEED - 
THROUGH LEAD 


.025+.002 
(.64)+(.05) 


1.500+.250 EXTERNAL WELD 
(38.10)+(6.35) (SEE NOTE 5) 


TEA 
Oo} Oo ® Basic case 


L Insulated case 
= 
eae 
688 (17.48) 1.188 (30.18) 
ee poder | ea 
CIRCUIT DIAGRAM 1.438 (36.53) . | 1.938 (49.23) 
(SEE NOTE 4) 5 2.125 (53.98) 375 (9.53 é 2.625 (66.68) 
2.750 (69.85) 375 (9.53 . . 3.250 (82.55) 


*For insulated styles shrinkable sleeving shall lap over the ends of the case. 


NOTES: 

1. Dimensions are in inches. 

2. Millimeters are in parentheses. 

3. Metric equivalents (to the nearest .01 mm) are given for general information only and are based upon 1 inch = 25.4 mm. 
4. There is an indeterminate resistance between the metal case and the negative terminal. 

5. The weld shall not be enclosed in the end seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/17 
STYLES CL20 & CL21 


Voltage DC leakage (max) 
Type Rated Derated urge Capacitance 25% 85°C 8 5 Impedance Case 
designation 1/ (85°C) (125°C) (85°C) size 2/ 
ees | 

volts, dc volts, dc volts, dc uF uA uA 
CL2-BE150UPE 15 Wee 15 2 4 
CL2-BE600UP- 15 10 diver 60 2 10 
CL2-BE201UP- 15 10 lie 200 3 40 17 E3 
CL2-BE401 UP- 15 10 he 400 6 80 9g E4 
CL2-BE581 UP- 15 tie 580 9 100 6 E5 
CL2-BG100UPE 28.8 10 2 4 330 E1 a 
CL2-BG400UP- 28.8 40 2 13 83 E2 
CL2-BG121UP- 28.8 120 @ 40 27 E3 | 
CL2-BG251UP- 28.8 250 6 80 13 E4 “ 
CL2-BG351 UP- 28.8 350 10 100 10 E5 J 
CL2-BHO80UPE 34.5 8 2 6 424 E1 e 
CL2-BH320UP- 34.5 32 2 14 106 E2 
CL2-BH111UP- 34.5 110 4 50 31 E3 = 
CL2-BH221UP- 34.5 220 8 90 16 E4 
CL2-BH301UP- 34.5 300 11 120 11 E5 >) 
CL2-BJ4R5TPE 57.5 4.5 2 4 730 E1 g 
CL2-BJ180TP- 57.5 18 2 13 180 E2 3S 
CL2-BJ600TP- 57.5 60 3 40 55 E3 g) 
CL2-BJ101TP- 57.5 100 4 75 33 E4 8 
CL2-BJ151TP- 57.5 150 5 100 22 E5 a 
CL2-BLO30TPE 86.2 3 2 4 1000 E1 e 
CL2-BL120TP- 86.2 12 2 13 270 E2 8 
CL2-BL300TP- 86.2 30 3 34 110 E3 | 
CL2-BL700TP- 86.2 70 6 80 47 E4 77) 
CL2-BL101TP- 86.2 100 10 100 33 E5 
CL2-BNO20SPE 115.0 2 2 4 1600 E1 
CL2-BNO80SP- 115.0 8 2 12 410 E2 
CL2-BN250SP- 115.0 25 2.5 37 130 E3 
CL2-BN500SP- 115.0 50 5 75 66 E4 
CL2-BN700SP- 115.0 70 7 100 47 E5 
CL2-BQ010SPE 172.0 1 2 4 3000 E1 
CL2-BQ040SP- 172.0 4 2 13 750 E2 
CL2-BQ130SP- 172.0 1 3 30 250 E3 
CL2-BQ250SP- 172.0 25 5 80 130 E4 
CL2-BQ360SP- 172.0 36 8 100 94 E5 


1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/18 
STYLES CL22 & CL23 


DC leakage (maw 


Type Rated Derated urge Capacitance 25) 85°C &125°C| Impedance Case 
designation 1/ (85°C) (125°C) (85°C) (max) size 2/ 


volts, dc volts, dc volts, dc u 


CL2-BE100UNE 15 10 ee 
CL2-BE400UN- 15 WZ 
CL2-BE121UN- 15 UW 
CL2-BE251UN- 15 Wi 
CL2-BE351 UN- 15 Ma 
CL2-BGOS50UNE 25 28.8 
CL2-BG200UN- 25 28.8 
CL2-BG700UN- 25 28.8 
CL2-BG141UN- 28.8 
CL2-BG201UN- 28.8 
CL2-BH4RSUNE 34.5 
CL2-BH180UN- 34.5 
CL2-BH600UN- 34.5 
CL2-BH121UN- 34.5 
CL2-BH171UN- 34.5 
CL2-BJ2R5TNE 97.5 
CL2-BJ100TN- 97.5 
CL2-BJ3O0TN- 97.5 
CL2-BJ600TN- 57.5 
CL2-BJ800TN- 57.5 
CL2-BL1R5TNE 86.2 
CL2-BLO60TN- 86.2 
CL2-BL150TN- 86.2 
CL2-BL350TN- 86.2 
CL2-BLSOOTN- 86.2 
CL2-BNO10TNE 115.0 
CL2-BNO40TN- 115.0 
CL2-BN120TN- 115.0 
CL2-BN250TN- 115.0 
CL2-BNS350TN- 115.0 
CL2-BQOR5SNE 172.0 
CL2-BQ020SN- 172.0 
CL2-BQO60SN- 172.0 
CL2-BQ120SN- 172.0 
CL2-BQ180SN- 172.0 


DAWNNMNAWNNODWNNAAWNHN_-DWANNODWNNOMWN ND 


1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/15 
STYLES CL30 & CL31 


DC leakage (max 


Type Surge Capacitance 25°C 85°C & 125°C) Impedance Case 

designation 1/ (85°C) size 2/ 
volts, dc volts, dc volts, dc ohms 

CL3-BA100MPE 2 3.4 1 250 E1 
CL3-BASOOMP- 2 2 50 E2 
CL3-BBO80MPE 4 1 329 E1 
CL3-BB300MP- 4 2 88 E2 
CL3-BB101MP- 4 p 26 E3 
CL3-BB201 MP- 4 4 13 E4 
CL3-BB301 MP- 4 5 9 E5 
CL3-BDO60MPE ir 1 440 E1 ra 
CL3-BD250MP- 7 2 105 E2 FY) 
CL3-BD800MP- 7 2 33 E3 3 
CL3-BD161MP- "f 4 17, E4 ~< 
CL3-BD221MP- ic 5 12 E5 Q) 
CL3-BE4R5MPE 1 495 E1 ~< 
CL3-BE100MP- 2 250 E2 
CL3-BE180MP- 2 125 E2 = 
CL3-BES550MP- 2 41 E3 
CL3-BE111MP- 4 20 E4 
CL3-BE161 MP- 5 14 E5 2) 
CL3-BGO30MPE 1 744 1 % 
CL3-BG120MP- 2 186 E2 3 
CL3-BG350MP- 2 64 E3 eT) 
CL3-BG700MP- 4 32 E4 rr) 
CL3-BG101MP- 6 23 E5 LT) 
CL3-BH2R5MPE 2 893 E1 a 
CL3-BH100MP- 2 265 E2 s) 
CL3-BH300MP- 2 75 E3 am 
CL3-BH600MP- 4 37 E4 % 
CL3-BH850MP- 6 27 E5 
CL3-BJ1R5MPE 1 1487 E1 
CL3-BJO6OMP- 2 372 E2 
CL3-BJ200MP- 2 112 E3 
CL3-BU400MP- 4 56 E4 
CL3-BJ550MP- 6 41 E5 
CL3-BLO10MPE 1 2232 E1 
CL3-BLO40MP- 2 558 E2 
CL3-BL140MP- 2 159 E3 
CL3-BL280MP- 4 80 E4 
CL3-BL400MP- 6 56 E5 
CL3-BNOR8MPE 1 2790 E1 
CL3-BNO30MP- 2 743 E2 
CL3-BN100MP- 2 223 E3 
CL3-BN200MP- 3 112 E4 
CL3-BN300MP- 6 74 E5 
CL3-BQOR5MPE 2 4454 E1 
CL3-BQ020MP- D 1115 E2 
CL3-BQ040MP- 3 558 E3 
CL3-BQ070MP- 8 319 E3 
CL3-BQO80MP- 4 265 E4 
CL3-BQ120MP- 4 208 E4 
CL3-BQ140MP- 4 159 E4 
CL3-BQ200MP- 6 112 E5 
CL3-BZR35LPE 4 5577 E1 
CL3-BZ1R5LP- 8 1300 E2 
CL3-BZO50LP- 16 400 E3 
CL3-BZ100LP- 28 200 E4 
CL3-BZ150LP- 40 130 E5 
CL3-BOR30LPE 6 6600 E1 
CL3-BO1R2LP- 8 1600 ee 
CL3-BOO40LP- 16 500 E3 
CL3-BOO80LP- 250 E4 
CL3-BO120LP- 287. 160 ES 
CL3-BXR27LPE ; 9000 —1 
CL3-BX010LP- f 2250 EZ 
CL3-BX030LP- 750 E3 
CL3-BX070LP- Ge2 E4 
CL3-BX100LP- 225 E5 


1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/16 
STYLES CL32 & CL33 


DC leakage (max 


Type Rated Capacitance 25°C 85°C & 125°C! Impedance Case 
designation 1/ (85°C) size 2/ 


volts, dc volts, dc volts, dc uA uA 


CL3-BA100MNE 
CL3-BA450-MN- 
CL3-BA141MN- 
CL3-BA281MN- 
CL3-BA401MN- 
CL3-BBO70MNE 
CL3-BB250MN- 
CL3-BB850MN- 
CL3-BB171MN- 
CL3-BB251MN- 
CL3-BDO40MNE 
CL3-BD160MN- 
CL3-BDS50MN- 
CL3-BD111MN- 
CL3-BD151MN- 
CL3-BE2R5MNE 
CL3-BE100MN- 
CL3-BESS5OMN- 
CL3-BE700MN- 
CL3-BE101MN- 
CL3-BG1R5MNE 
CL3-BGO60MN- 
CL3-BG200MN- 
CL3-BG400MN- 
CL3-BG600MN- 
CL3-BH1R4MNE 
CL3-BHSRSMN- 
CL3-BH180MN- 
CL3-BH360MN- 
CL38-BH450MN- 
CL3-BJOR8MNE 
CL3-BJO30MN- 
CL3-BJ100MN- 
CL3-BJ200MN- 
CL3-BJSOOMN- 
CL3-BLOR5MNE 
CL3-BLO20MN- 
CL3-BLO70MN- 
CL3-BL140MN- 
CL3-BL200MN- 
CL3-BNOR4MNE 
CL3-BN1RSMN- 
CL3-BNOSOMN- 
CL3-BN100MN- 
CL3-BN150MN- 
CL3-BQR25MNE 
CL3-BQ010MN- 
CL3-BQ3R5MN- 
CL3-BQ070MN- 
CL3-BQ100MN- 
CL3-BZR15LNE 
CL3-BZR75LN- 
CL3-BZ2R5LN- 
CL3-BZO50LN- 
CL3-BZ7R5LN- 
CL3-BOR15LNE 
CL3-BOOR6LN- 
CL3-BO020LN- 
CL3-BOO40LN- 
CL3-BOO6OLN- 
CL3-BXR12LNE 
CL3-BXR47LN- 
CL3-BX1R5LN- 
CL3-BX3R3LN- 
CL3-BX4R7LN- 


3.4 
3.4 
3.4 
3.4 


MOMODDDWWWWW 


NNNNNAAAAAHMOMNMN PD 
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1/ Complete type designation will include an additional symbol to indicate style, and where applicable, an additional symbol to indicate type of seal. 
2/ Where applicable, the complete case size will include an additional symbol to indicate type of seal. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/22 
STYLES CL70 & CL71 


Voltage DC leakage (max 
Type Rated Derated Surge Capacitance 25°C 85°C 125°C Impedance 
designation 1/ (85°C) (125°C) (85°C) (max) 
uA 


volts, dc volts, dc volts, dc 


CL7-BE290UPE 15 10 VZ 
CL7-BE101UPE 15 10 ee 
CL7-BE311UPE 15 10 Wie 
CL7-BE651UPE 15 10 lies 
CL7-BE921UPE 1S 10 WZ 
CL7-BG170UPE 25 tS 28.8 
CL7-BG600UPE 25 15 28.8 
CL7-BG181UPE 25 15 28.8 
CL7-BG381 UPE 25 15 28.8 
CL7-BG551UPE 25 iS 28.8 
CL7-BH150UPE 30 20 34.5 
CL7-BH520UPE 30 20 34.5 
CL7-BH151UPE 30 20 34.5 
CL7-BH321UPE 30 20 34.5 
CL7-BH461UPE 30 20 34.5 
CL7-BJO7OTPE 50 30 97.5 
CL7-BJ250TPE 50 30 57.5 
CL7-BJ750TPE 50 30 57.5 
CL7-BJ161 TPE 50 30 o/-9 
CL7-BJ231 TPE 50 30 57.5 
CL7-BLO40TPE Ths) 50 86.2 
CL7-BL150TPE 15 50 86.2 
CL7-BL450TPE 15 50 86.2 
CL7-BLO50TPE US 50 86.2 
CL7-BL131 TPE 15 50 86.2 
CL7-BNO30SPE 100 65 115.0 
CL7-BN100SPE 100 65 115.0 
CL7-BN300SPE 100 65 115.0 
CL7-BN630SPE 100 65 115.0 
CL7-BN900SPE 100 65 115.0 
CL7-BQ1R6SPE 150 100 172.0 
CL7-BQ5R5SPE 150 100 172.0 
CL7-BQ170SPE 150 100 UZ 
CL7-BQ350SPE 150 100 WZ) 
CL7-BQS500SPE 150 100 172.0 


° 
= 
5 
3 
2) 
& 
.~) 
et) 
2. 
5 
7) 


1/ Complete type designation will include an additional symbol to indicate style. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/23 
STYLES CL72 & CL73 


a oer eee see ge Ee ead ee ee eee leakage (max 
Type Rated Derated Surge Capacitance 85°C 2 onc Impedance 
designation 1/ (85°C) (125°C) (85°C) (max) 


volts, dc volts, dc volts, dc 


CL7-BE200UNE 15 10 Wee 
CL7-BE700UNE 15 10 WZ 
CL7-BE201UNE 15 10 Wife 
CL7-BE411UNE 15 10 Wee 
CL7-BE591 UNE 15 10 17.2 
CL7-BG100UNE 25 15 28.8 
CL7-BG350UNE 25 15 28.8 
CL7-BG101UNE 25 LS 28.8 
CL7-BG211UNE 25 15 28.8 
CL7-BG301 UNE 25 15 28.8 
CL7-BHO80UNE 30 34.5 
CL7-BH290UNE 30 34.5 
CL7-BH800UNE 30 34.5 
CL7-BH171UNE 30 34.5 
CL7-BH241UNE 30 34.5 
CL7-BJSRSTNE 50 57.5 
CL7-BJ130TNE 50 57.5 
CL7-BJ360TNE 50 57.5 
CL7-BJ750TNE 50 57.5 
CL7-BJ111TNE 50 57.5 
CL7-BLO20TNE 75 86.2 
CL7-BLO7OTNE 75 86.2 
CL7-BL200TNE 75 86.2 
CL7-BL430TNE 75 86.2 
CL7-BL600TNE 79 86.2 
CL7-BN1R4SNE 100 115.0 
CL7-BNOSOSNE 100 115.0 
CL7-BN140SNE 100 115.0 
CL7-BN290SNE 100 lgS:0 
CL7-BN410SNE 100 115.0 
CL7-BQR75SNE 150 172.0 
CL7-BQ2R7SNE 150 172.0 
CL7-BQ7R5SNE 150 li2.0 
CL7-BQ150SNE 172.0 
CL7-BQ220SNE 172.0 


P| 
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= 
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1/ Complete type designation will include an additional symbol to indicate style. 
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MIL-C-3965 


Military Style Tantalum Capacitors 


CL51 CL52 


MIL-C-3965 Part Number System 


Example: CL51 
Style Description 
CL51_ Polar, plain foil, KSR™ 


Characteristic 

=95.C110'85°C 
(Will operate up 
to 125°C when 
properly derated) 


Non polar, plain foil, KSR™ 
Polar, etch foil, KSR™ 
Non polar, etch foil, KSR™ 


J 200 M P 


G 


oe 


Seal 
G—Hermetic (Glass) 


Construction 
P—Polar 
Capacitance—Expressed in (uf) N—Non polar 
First two digits represent significant 
figures; third digit represents number 
of zeros to follow. “‘R” indicates 


decimal point. 


Voltage Volts Voltage Volts 
Symbol 85°C/125°C Symbol 85°C/125°C 
A 3/2 N 100/65 
B 6/4 O 250/165 
C 8/5 P 125/85 
D 10/7 Q 150/100 
E 15/10 R 180/120 Capacitance Tolerance 
F 20/13 S 270/180 Symbol % 
G 25/15 if 360/240 J +5 
H 30/20 U 450/300 K +10 
| 112/75 V 540/360 ig +15 
J 50/30 Ww 630/420 M +20 
K 60/40 y 300/200 S +30-15 
L 75/50 Y 375/250 TT, +50-15 
M 90/60 Z 200/150 U +75-15 
Outline Drawing and Dimensions 
Styles CL51-54 
, 0.016" Sei Octe = 0p |? Dimensions 
O84 Oe 5 t0o1eme L +.062 (1.57) 
In mm 
43g” £0.016"_, 5 a80% ret 
he a : DI “375 || 34.93 
x D2 2.000 50.80 
0.750” +0.031” 0-7g0" 20001 D3 2 500 63.50 
Noa 4 F 
0.125” i hole [_0. 060” +0.010” oes | ogee) a ~ 07s 1D 97K" £0.062 
a a a a a INCHES MM INCHES MM INCHES MM 
Oers7 ee | | 
caoest _ #0062" 010 25 O7OR. 4.78 395 10.03 
| L | 016 41 156 3.96 703 17.86 
(O25 64 DUS 6.99 750 19.05 
| | | 031 Toe ote 1792 783 10,89 
| eed | MEO — pp S24 S50)” ~ 8. SO e pp env2Ojn. S239 
Pe aeeeeeaie 1.275” — ~ > 062 il Oye 364 9.25 sins} 35.00 
| 1.312” +0.031” ie | CTA 9.50 
Polar Non-polar 
NOTES 


1. All dimensions in inches 


2 Metric equivalents (to the nearest O01 mm) are given for general information only and are based upon 1 inch = 25.4 mm. 


3. Onentation of terminal hole not fixed 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/9 
STYLE CL51 


Voltage DC leakage (max) 
Type Rated Derated Surge Capacitance Impedance Case 
volts, dc volts, dc volts, dc uF uA uA uA 
CL51BE331MPG 15 10 Nigee 330 23 
CL51BE661MPG 15 10 Wie 660 46 
CL51BE961MPG ils) 10 ie 960 67 
CL51BH181MPG 30 20 34.5 180 25 
CL51BH361MPG 30 20 34.5 360 50 
of CL51BH511MPG 30 20 34.5 510 71 
Q CL51BJ121MPG 50 30 S75 120 26 
| CL51BJ251MPG 50 30 SiS 250 52 
Ph CL51BJ351MPG 50 30 ies 350 73 
) CL51BL750MPG 75 50 86.2 75 26 
= CL51BL151MPG 5) 50 86.2 150 52 
CL51BL221MPG 75 50 86.2 220 77 
= CL51BISOOMPG ite US 129.0 50 26 
CL51BI101MPG 112 TD 129.0 100 52 
) CL51Bl151MPG 112 5 129.0 150 78 
& CL51BQ400MPG 150 100 172.0 40 28 
Ss CL51BQ800MPG 150 100 172.0 80 56 
2 CL51BQ101MPG 150 100 172.0 100 70 
ome 


g MIL-C-3965/10 
4% STYLE CL52 


DC leakage (max) 
Type Surge Capacitance Impedance 
designation (85°C) 25°C 85°C 125°C (max) 


volts, dc volts, dc 


CL52BE211MNG 17.2 
CL52BE421MNG We 
CL52BE601MNG Where 
CL52BH780MNG 34.5 
CL52BH151MNG 34.5 
CL52BH271MNG 34.5 
CLS52BJ650MNG 97.5 
CL52BJ131MNG SW/45) 
CL52BJ171MNG 57-9 
CLS52BL380MNG 86.2 
CL52BL750MNG 86.2 
CL52BL111MNG 86.2 
CLS2BI250MNG 

CL52BISOOMNG 

CLS2BI750MNG 

CL52BQ200MNG 

CLS52BQ400MNG 

CL52BQS500MNG 
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MIL-C-3965 


Military Style Tantalum Capacitors 


MIL-C-3965/11 
STYLE CL53 


DC | DC leakage(max) (max) 
Type Surge Capacitance Impedance 


volts, dc : volts, dc 


CL53BE122UPG 15 a2 
CL53BE242UPG 15 Ae 
CLS3BE352UPG 15 Whe 
CL53BH661UPG 34.5 
CL53BH132UPG 34.5 
CL53BH182UPG 34.5 
CL53BJ351UPG Siro 
CL53BJ701UPG 57.9 
CL53BJ102UPG 5715 
CL53BL201UPG 86.2 
CL53BL401UPG 86.2 
CLS53BL551UPG 86.2 
CL53B1121UPG 

CL53B1241UPG 

CL53BI321UPG 

CL53BQ700UPG 

CL53BQ141UPG 

CL53BQ201UPG 


MIL-C-3965/12 
STYLE CL54 


DC leakage (max) 
Surge Capacitance 


volts, dc 


Type 
designation 


Impedance 
(max) 


volts, dc 


CL54BE751UNG alts) 17.2 D1 
CL54BE152UNG 15 Al a D2 
CL54BE212UNG 15 We D3 
CL54BH361UNG 34.5 D1 
CL54BH721UNG 34.5 D2 
CL54BH102UNG 34.5 D3 
CL54BJ201UNG 97.9 D1 
CL54BJ401 UNG S75) D2 
CL54BJ551 UNG 57.5 D3 
CL54BL101UNG 86.2 D1 
CL54BL201UNG 86.2 D2 
CLS54BL271UNG 86.2 D3 
CLS4BIGQ00UNG D1 
CL54BI121UNG D2 
CL54BI161UNG D3 
CL54BQ350UNG D1 
CL54BQ700UNG D2 
CL54BQ101UNG 
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MIL-C-3965 


Military Style Tantalum Capacitors 


CL53 CL54 


BRACKET INFORMATION 


STAINLESS-STEEL MOUNTING BRACKETS 


Insulated 
Terminal Down 


Case 
Height 
In Inches 


Insulated 
Terminal Up 


942A797P48 


942A797P47 
942A797P46 


*Common base dimension — 1.312 by 0.750 inches. 


ss0zede?) winjezuel co 


These KSR™ capacitor brackets meet vibration and shock 
requirements of MIL-STD-202A, Method 204B. 


Insulated 


+0005" 
0.240" dia 


/ 0.090"70.005 aa 
Insulation 


For terminal “down 
mounting |070 long 
x 0450" wide with 


0437'——» 
0225‘rodius on SS | 1 
each end Pr Cis 
0960" | : 
| ao 
= t =e —pal 


locatn Q0394"R| 


- 140072002053 


Insulotion plote 


+0010", 


~_ 


0.025 thk 


Uninsuloted 


290 


MIL No. t 
Uninsulated 


942A797P58 
942A797P57 
942A797P56 


942A798P45 
942A798P44 
942A798P42 


CLOS50SD33 
CLO50SD23 
CLOSOSD13 


t+ For MIL marked parts. Order by MIL number. 


Non-MiL Spring-clip Type 


eee 0144"20003,,, Roles 


fe) 021"*° 0037 
\/ gos 90a 
ov 


— 


0875"° O18 
' eS 
= 101250 
. | 
1370" = ous” ~ F — 
mor 


Finish 


Cadmium 
plate ond 
gold iridite 


Silver 
plated 
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MIL-C-39006 


Military Style Tantalum Capacitors 


CLR25 
MIL-C-39006 PART NUMBER SYSTEM 


M39006 01 3001* 


Abbreviated form of MIL-C-39006 Sequential dash number from table. For specific value of 


capacitance, tolerance, voltage, case size and failure 
rate level the table must be consulted. 

*Add the letter ““H”’ to indicate optional Random Vibration 
requirement. 


DETAIL SHEET FOR APPLICABLE STYLE: 


01: Style CLR 25—Polar Etched 

02: Style CLR 27—Nonpolar Etched 

03: Style CLR 35—Polar Plain 

04: Style CLR 37—Nonpolar Plain 

16: Style CLR 71—Polar High Etched 

17: Style CLR 73—Nonpolar High Etched 


OUTLINE DRAWING AND DIMENSIONS 


TANTALUM FEED — 


025+.002 
WELD THROUGH LEAD 


(.64)+(.05) 


ss0zIede) winjezuel 


EXTERNAL WELD 
(SEE NOTE 5) 


==. : + Dimensions 


St Basic case Insulated case 


D 
= : ‘ +.016 (.41) 


CASE 
CIRCUIT DIAGRAM 
(SEE NOTE 4) 


*Length of basic case; sleeving shall be as specified in MIL-C-39006. 


NOTES: 

. Dimensions are in inches. 

. Millimeters are in parentheses. 

. Metric equivalents (to the nearest .01 mm) are given for general information only and are based upon 1 inch = 25.4 mm. 
. There is an indeterminate resistance between the metal case and the negative terminal. 

. The weld shall not be enclosed in the end seal. 


ahRWNM— 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/01 
STYLE CLR25 


Failure rate level = P(0.1)) RIO.01)} 000 | S10-007) | 


voltage 
(125°C) 


DC leakage 
max Derated - Part No. M39006/01- 
§ Case 
: size 


volts, dc uF % uA uA volts, dc! volts, dc 
11h) 60.0 7, “No 2 10 10 Wve 
15 200.0 iA) mile, 3 40 10 17.2 
Ws) 400.0 aren els 6 80 10 Wie 
1S 580.0 amish Als) 9 100 10 Wey 
25 40.0 arifoy, alts) 2 1h} 15 28.8 
25 120.0 ay PWS S 40 15 28.8 
25 250.0 aha SNS) 6 80 1S) 28.8 
25 350.0 a TAS), 1K) 10 100 iS 28.8 
30 32.0 a(S, HS 2 14 20 34.5 
30 110.0 5 eiAoh SKS) 4 50 20 34.5 
30 220.0 +75, =10 8 90 20 34.5 
30 300.0 a rasy, ils) Aa 120 20 34.5 
50 18.0 + 5OR 15) 2 13 30 MAS 
50 60.0 +50, -15 3 40 30 SAS) 
50 75.0 OOS 4 70 30 SY fae) 
50 100.0 OO n=O 4 15 30 ay ae: 
50 150.0 +50; -15 5 100 30 SHAE) 
765; 12.0 +50, -15 2 ile! 50 86.2 
1 30.0 FOO =o 6) 34 50 86.2 
TAS) 70.0 75.8), S115) 6 80 50 86.2 
GS 100.0 OO mens 10 100 50 86.2 
100 8.0 +30, -15 2 We 65 Halsey) 
100 25.0 TOON alo Zo SY 65 115.0 
100 50.0 +30) = 115 5 TES) 65 115.0 
100 70.0 a oO ais} if 100 65 VASO 
150 4.0 +30 215 2 13 100 172.0 
150 13.0 +30, -15 3 30 100 W720 
150 2510 +30, -15 5 80 100 172.0 
150 36.0 +30, -15 8 100 100 172.0 


HAAAAOAA 


LJ Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/02 
STYLE CLR27 


Failure rate level (%/1,000 hr’ 


Ee] Mio) | Pen] Ron | $0000 | 


Rated Cap. max Deratea Part No. M39006/02- 
Case 
size 


voltage tolerance | 25°C voltage 
(85°C) (125°C) 


HERMETICALLY-SEALED 


c 
> 


volts, dc volts, dc| volts, dc 


16 
15 
15 
15 


= 


5 


DAWNMNNAWONOADWNAARWNH-WANODWNHOMWN 


ss0jizedey) winje}uel 


Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/03 
STYLE CLR35 


voltage 


(85 C) 


DC PC leakage 
Rated Cap. PC leakage Derated - Part No. M39006/03- 
tolerance 


25°C 85 C & | voltage Failure rate level (%/1,000 hr 
125°C) (12576) /, U2.0) | M(1.0) | 0) M(1.0) | P(0.1) | 1) | P(0.1) | (0.01) | S(0.001) | 


if 
3 volts, dc % uA uA volts, dc |volts, dc 
+20 2 4 10 172 
+20 2 10 10 17.2 
Pr | +20 4 20 10 1Z.2 
S +20 5 30 10 {72 
+20 D 4 15 28.8 
Lm +20 2 10 15 28.8 
gy +20 4 20 15 28.8 
= +20 6 30 15 28.8 
+20 2 6 20 34.5 
= +20 2 ie 20 34.5 
+20 4 26 20 34.5 
) +20 6 38 20 34.5 
Q) +20 5 25 25 40.2 
3 +20 2 6 30 57.5 
% +20 cZ 13 30 57.5 
+20 4 26 30 57.5 
2) +20 6 38 30 ae 
eh +20 iB 6 50 86.2 
6 +20 2 13 50 86.2 
~ +20 4 26 50 86.2 
7) +20 6 38 50 86.2 
+20 2 6 65 115.0 
+20 2 13 65 115.0 
+20 3 25 65 115.0 
+20 6 38 65 115.0 
+20 2 6 100 172.0 
+20 3 #2 100 172.0 
+20 4 26 100 172.0 
+20 6 38 100 172.0 
+15 8 32 150 230.0 
+15 16 64 150 230.0 
+15 28 100 150 230.0 
+15 40 | 160 150 230.0 
ft. i 


BS NOY eed ey. ery 
OpnpoanmD 


4.5 
3.0 
25 
ee) 
1.0 
0.8 
0.5 
0.3 


ie) 
of 


[_] Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/04 
STYLE CLR37 


DC leakage 
Rated Cap. (max) Derated | Surge Part No. M39006/04 


voltage . |tolerance | 25°C 85°C & | voltage | voltage ailure rate level (%/1,000 hr) 
(85°C) 125°C || (125°C) (85°C) i Beh: 0. R(0.0 


volts, dc % volts, dc | volts, dc | 

+20 2 10 Aa? G2 1200 1245 1290 1335 1380 Pr | 
+20 2 10 17.2 G3 1201 | 1246 | 1291 1336 | 1381 % 

+20 4 10 17.2 G4 1202 1247 1292 1337 1382 | 

+20 5 10 dize2 G5 1203 1248 1293 1338 1383 fm 
+20 2 15 28.8 G2 1204 1249 1294 1339 1384 y 

+20 2 15 28.8 G3 1205 1250 1295 1340 1385 e 
+20 4 15 28.8 G4 1206 1251 1296 1341 1386 

+20 5 15 28.8 G5 1207 1252 1297 1342 1387 aI 

+20 2 20 34.5 G2 1208 1253 1298 1343 1388 

+20 2 20 34.5 G3 1209 1254 1299 1344 1389 Ss 
+20 4 20 34.5 G4 1240 1255 1300 1345 1390 y 

+20 6 20 34.5 G5 4211 1256 1301 1346 1391 3 

+20 2 30 57.5 G2 ene 1257 1302 1347 1392 g 

+20 2 30 57.5 G3 1213 1258 1303 1348 1393 

+20 4 30 57.5 G4 1214 1259 1304 1349 1394 © 

+20 6 30 57.5 G5 1215 1260 1305 1350 1395 oe 
+20 2 50 86.2 G2 1216 1261 1306 1351 1396 9 

+20 2 50 86.2 G3 Hea 1262 1307 1352 1397 5 

+20 4 50 86.2 G4 1218 1263 1308 1353 1398 ~ 

+20 6 50 86.2 G5 1219 1264 1309 1354 1399 

+20 2 65 115.0 G2 1220 1265 1310 1355 1400 

+20 2 65 115.0 G3 1221 1266 1311 1356 1401 

+20 4 65 115.0 G4 1222 1267 1312 1357 1402 

+20 6 65 115.0 G5 1223 1268 1313 1358 1403 

+20 2 100 iW Aeae) G2 1224 1269 1314 1359 1404 

+20 3 100 172.0 G2 1225 1270 1315 1360 1405 

+20 3 100 172.0 G3 1226 1271 1316 1361 1406 

+20 4 100 172.0 G4 1227 1272 1317 1362 1407 

+20 6 100 172.0 G5 1228 12re 1318 1363 1408 

+15 8 150 230.0 G2 1229 1274 1319 1364 1409 

+15 150 230.0 G3 1230 1275 1320 1365 1410 

+15 150 230.0 G4 1231 1276 1321 1366 1411 

+15 150 230.0 G5 1232 eae 1322 1367 1412 

| 4 


2355 
2360 
2365 
2370 
2375 
2380 
2385 
2390 


99909003+=N 
saVpUAMOROD 
SSE Fo NT RO ee 
ARWAAOWN 


ine) 


Shaded area denotes failure rate levels not available at time of this printing. Refer to your Philips Components sales person 
or factory for latest update. 
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MIL-C-39006 


Military Style Tantalum Capacitors 


MIL-C-39006/16 
STYLE CLR71 


DC leakage Derated 
max voltage 


Rated Cap. Surge Imped- Part No. M39006/16- ; 
voltage : toler- voltage ance Case Failure rate level (%/1,000 hr ET 
(85°C) ance 25°C 125°C | (125°C) | (85°C) | (max) size L(2.0) | M(1.0) | P(0.1) R(0.01)] S(0.001 | 


HERMETICALLY-SEALED 


volts, dc % uA uA uA volts, dc| volts, dc 
LS ioe 15 26 100 80 10 
1) EV Sy AS) 61 EWAO) 250 10 
18 +75, -15 130 780 520 10 
te) to iis 185 1100 750 10 
25 ae Hsy, SWS) 28 100 Te 15 
15 60 360 220 4fhs) 
15 125 760 460 15 
=15 185 1100 660 15 
-15 Zo 120 80 20 
15 60 360 240 20 
-15 125 710 500 20 
“15 165 1000 700 20 
15 19 100 60 30 
its) 50 300 180 30 
15 100 640 390 30 
iS 150 920 550 30 
“15 17 90 60 50 
“15 45 270 180 50 
1§ 95 570 380 50 
15: 130 780 520 50 
15 5 80 o2 65 
15 40 230 150 65 
15 80 480 310 65 
15 120 720 470 65 
1) 12 64 42 100 
S) 30 190 130 100 
15 65 400 260 100 
15 95 560 380 100 
NONHERMETICALLY SEALED 

if 38) 23 10 V7.2 137 E1 1000 1035 

23 100 80 10 Hive 87, E2 1001 1036 

61 370 250 10 Nifee: 10.8 E3 1002 1037 

130 780 520 10 We 5. E4 1003 1038 

185 1100 750 10 Wee 4.0 ES 1004 1039 

6 34 21 i} 28.8 220 E1 1005 1040 

23 100 72 1S 28.8 62 E2 1006 1041 

60 360 220 15 28.8 20:5 E3 1007 1042 

N25 760 460 15 28.8 9.6 E4 1008 1043 

185 1100 660 11s) 28.8 Gar E5 1009 1044 

6 34 22 20 S4N5 250 E1 1010 1045 

23 120 80 20 34.5 71 E2 1011 1046 

60 360 240 20 34.5 25 E3 1012 1047 

125 750 500 20 34.5 ASS E4 1013 1048 

165 1000 700 20 34.5 8 ES 1014 1049 

5 28 inf 30 MEAS 550 E1 1015 1050 

19 100 60 30 SHAS) 150 E2 1016 1051 

50 300 180 30 S725 49 E3 1017 1052 

100 640 390 30 57.5 PS} E4 1018 1053 

150 920 550 30 Siao 16 E5 1019 1054 

5 24 16 50 86.2 930 E1 1020 1055 

We 90 60 50 86.2 250 E2 1021 1056 

45 270 180 50 86.2 83 E3 1022 1057 

95 570 380 50 86.2 39 E4 1023 1058 

130 780 520 50 86.2 29 ES 1024 1059 

4 20 14 65 11510 1210 El 1025 1060 

15 80 52 65 1 te20 370 E2 1026 1061 

40 230 150 65 115.0 121 E3 1027 1062 

80 480 310 65 VW ikex(@) 58 E4 1028 1063 

120 720 470 65 115.0 41 e's) 1029 1064 

3 18 12 100 172.0 2340 E1 1030 1065 

12 64 42 100 172.0 675 E2 1031 1066 

30 190 130 100 172.0 220 ES 1032 1067 

65 400 260 100 172.0 106 E4 1033 1068 

95 560 380 100 i 172.0 74 E5 1034 1069 


[_] Shaded area denotes failure rate levels not available at time of printing. Refer to your Philips Components 


sales person or factory for latest update. 
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DC leakage 


(max) 


Cap. 
toler- 
ance 

% uA 
SHiey SO 15 
Sry HS) 40 
Snihoy Sue) 1 
Shey US) 118 


ar SO CIS) 19 
51810), SS; 8 
30), US 23 
TOOK aTS 45 
= S10), US 60 
5610); clis) if 
+30) 5115 15 
53830), “5 35 
+30).- 119 50 
oO, 15 6 


or factory for latest update. 


MIL-C-39006 


Military Style Tantalum Capacitors 


Derated Surge 
voltage | voltage 
(125°C) (85°C) 
HERMETICALLY SEALED 
volts, dc} volts, dc ohms 
10 Wo2 85 
10 ie 18.5 
10 Whee 8.9 
10 Nie 6.2 
als 28.8 106 
iS 28.8 Sir 
15 28.8 Wee 
15 28.8 ad 
20 S475 1S 
20 34.5 45.5 
20 34.5 22 
20 345 hss} 
30 5725: 285 
30 Sie) 104 
30 575 49 
30 Sih) 34 
50 86.2 550 
50 86.2 185 
50 86.2 86 
50 86.2 62 
65 115.0 750 
65 1 aksx@) 268 
65 115.0 Lom 
65 115.0 91 
100 172.0 1380 
100 172.0 490 
100 72.0 250 
100 172.0 170 


NONHERMETICALLY SEALED 


10 Whe 185 
10 WA S15) 
10 WZ 18.5 
10 We 8.9 
10 Wee 6.2 
15 28.8 370 
15 28.8 106 
15 28.8 Si 
15 28.8 Ws 
15 28.8 12.1 
20 34.5 455 
20 34.5 137 
20 34.5 45.5 
20 34.5 22 
20 34.5 78 
30 SD 1060 
30 SS 285 
30 SKS 104 
30 SS 49 
30 S75 34 
50 86.2 1850 
50 86.2 550 
50 86.2 185 
50 86.2 86 
50 86.2 62 
65 115.0 2700 
65 115.0 750 
65 iS:O 268 
65 115.0 137 
65 115.0 91 
100 172.0 5000 
100 172.0 1380 
100 172.0 490 
172.0 


G2 
G3 
G4 
G5 
G2 
G3 
G4 
G5 
G2 
G3 
G4 
GS 
G2 
G3 
G4 
GS 
G2 
G3 
G4 
G5 
G2 
G3 
G4 
G5 
G2 
G3 
G4 
G5 


E1 
E2 
E3 
E4 
ES 
E1 
E2 
E3 
E4 
ES 
E1 
E2 
Es 
E4 
ES 
Et 
E2 
E3 
E4 
ES 
E1 
EZ 
E3 
£4 
ES 
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MIL-C-39006/17 
STYLE CLR73 


Part No. M39006/17- 
Failure rate level (%/1,000 hr) | 


L(2.0) M(1.0) P(O.1) | R(O.01) | S(0.001) 
2001 2036 2071 
2002 2037 2072 
2003 2038 2073 
2004 2039 2074 
2006 2041 2076 
2007 2042 2077 
2008 2043 2078 
2009 2044 2079 
2011 2046 2081 
2012 2047 2082 
2013 2048 2083 
2014 2049 2084 
2016 2051 2086 
2017 2052 2087 
2018 2053 2088 
2019 2054 2089 
2021 2056 2091 
2022 2057 2092 
2023 2058 2093 
2024 2059 2094 
2026 2061 2096 
2027 2062 2097 
2028 2063 2098 
2029 2064 2099 
2031 2066 2101 
2032 2067 2102 
2033 2068 2103 
2034 2069 2104 
4140 
4141 
1142 
41143 
1144. 
1145 
1146 
1147 
1148 
1149 
1010 1045 1150 
1011 1046 1151 
1012 1047 1152. 
1013 1153 
1014 1154 
1015 1050 1165. 
1016 1051 1156 
1017 1052 1157 
1018 1053 1158 
1019 1054 1159 
1020 1055 1160 
1021 1056 1161 
1022 1057 1162 
1023 1058 1163 
1024 1059 1164 
1165 
1166. 
1167 
1168 
1169 
1170 
1171 
ye 
1173 
1174 
297 
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SERIES 40AW 


Tantalum Case Hermetically Sealed 


Tubular Tantalum Wet-Slug Capacitor 


—55°C to 125°C 1.7 to 1200 uF 
4-125 Voits DC 


DESCRIPTION FEATURES 


The 40AW capacitor is an all tantalum cased high # ALL TANTALUM CONSTRUCTION 
reliability porous anode type with a glass to 

tantalum hermetic seal. This type capacitor is "REVERSE VOLTAGE CAPABILITY OF 3VDC 
primarily suited for military and aerospace appli- a wich RIPPLE CURRENT 

cation. This capacitor meets or exceeds all 
requirements of MIL-C-39006/22. = LONG LIFE 

These capacitors are ideal for such functions as ; : 

filtering, by-passing, coupling and timing in BRAT ED POR) Ge te 
applications where minimum size and weight ss EXTENDED RANGE CAPACITANCE AVAILABLE 
conditions must be achieved and reverse voltage CONSULT FACTORY FOR DETAILS 

up to 38VDC, or high ripple currents, are required. 


GLASS-TO-TANTALUM SEAL 


The glass-to-tantalum seal is one unique feature 
of the 40AW Series. This seal differs from other 
hermetic seals in that it is a tantalum feed-through 
seal. This construction provides a true glass- 
to-tantalum seal. 


TANTALUM CASE 


Use of a tantalum case and tantalum powder WARNING 

cathode permits 3VDC reverse capability without | NoN-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 

harm; and the sintered powder cathode allows NCOBREC AY CAUTIONS nee eo Menai 2 
: : . : IF THE OUTER CASE IS 

higher vibration and shock levels than compar- | ¢racturep. 

able silver cased devices. 
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SERIES 40AW 


industrial Type Tantalum Capacitors 


DIMENSIONS OUTLINE DIMENSIONS 
OUTLINE DRAWING Dimensions — Inches (mm) 
No. 21 Awe solderable Re 0.031" No. 21 Le a\ p= ese Basic Insulated 
leads ee Case Case 
©) r©) D D E d Approximate 
i oar ae paRER Lees -4OAW | Equiv. | +.031 (79) max Weight 
Be D r te aS —.016 (.41) | +.016 (.41) +250 (6.35) |+.002 (.05) |} (Grams) 
E 453 (11.51)| .188 (4.78) | .219( 5.56) 11.500 (38.10) | .025 (.64) 2.0 
BET CNINGULATED FIG.2 INSULATED 641 (16.28)] .281 (7.14) | .312( 7.92) }2.250 (57.15) | .025 (.64) 5.1 
766 (19.48)| .375 (9.53) | 406 (10.31) }2.250 (57.15) | .025 (.64) 9.0 
STANDARD RATINGS 1.062 (26.97)| .375 (9.53) | 406 (10.31) |2.250 (57.15) | .025 (.64) 14.5 


Length of basic case; sleeving shall lap over the ends of the capacitor body. 
Non-shrinkable sleeving extends .016 inch minimum, .062 inch maximum beyond 
each end of the case. 


Max. Max. D-C Maximum 
Impedance Leakage Current Capacitance Change Max. RMS 
at -55°C at 85°C in Percent at Ripple Current 
Case and 120 Hz 25°C & 125°C AT 40 KHz 
pF Code Catalog Number « (uA) (A) ea +85°C +125°C (mA) 


6 VOLTS D-C AT 85°C, 4 VOLTS D-C AT 125°C 


A0AW306A006KIA 
40AW686A006KIA 
40AW147BO006KIA 
40AW277B006KIA 
40AW337CO06KIA 
40AW567COO6KIA 
40AW1 28D006KIA 


ss0z2ede) winjezuel 


20 A0AW256A008KIA —40 10.5 
56 40AWS66A008KIA -40 14 
120 40AW127B008KIA —44 es 
220 40AW227B008KIA —44 Aas 
290 40AW297CO008KIA -64 tS 
430 40AW437CO008KIA —64 WS 

850 40AW857D008KIA -80 7s) 


40AW206A010KIA = 105 12 
40AW476A010KIA -36 14 16 
40AW107B010KIA -36 14 16 
40AW187B010KIA -36 14 16 
40AW257C010KIA -40 14 16 
40AW397C010KIA 64 175 20 
40AW757D010KIA -80 25 25 
D-C AT 125°C 


40AW156A015KIA 
40AW336A015KIA 
40AW706B015KIA 
40AW127B015KIA 
40AW177C015KIA 
40AW277C015KIA 
40AW547D015KIA 


40AW106A025KIA 
40AW226A025KIA 
40AWS06B025KIA 
40AW107B025KIA 
40AW127C025KIA 
40AW187C025KIA 
40AW357D025KIA 
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SERIES 40AW 


industrial Type Tantalum Capacitors 


Max. Maximum 


Impedance Capacitance Change Max. RMS 
at -55°C in Percent at Ripple Current 
Case and 120 Hz At 40 KHz 
pak Code (Q) (mA) 


40AW805A030KIA 
40AW156A030KIA 
40AW406B030KIA 
40AW686B030KIA 
40AW107C030KIA 
40AW157CO030KIA 
40AW307D030KIA 


40AWSOSA0S50KIA 
40AW106A050KIA 
40AW256B050KIA 
40AW476BO050KIA 
40AW606COS5O0KIA 
40AW826CO50KIA 
40AW167D050KIA 


4 40AW405A060KIA 
8.2 40AW825A060KIA 
20 40AW206B060KIA 
39 40AW396B060KIA 
50 40AWSO06CO6OKIA 
68 40AW686CO60KIA 
140 40AW147D060KIA 


75 VOLTS D-C at 85°C, 50 VOLTS D-C AT 125°C 


40AW355A075KIA 
40AW685A075KIA 
40AW156B075KIA 
40AW336B075KIA 
40AW406C075KIA 
40AW566C075KIA 
40AW117D075KIA 


40AW255A100KIA 
40AW475A100KIA 
40AW116B100KIA 
40AW226B100KIA 
40AW306C100KIA 
40AW436C100KIA 
40AW866D100KIA 


4O0AW175A125KIA 415 
3.6 40AW365A125KIA 520 
9 40AW905B125KIA 755 

14 40AW146B125KIA 860 
18 40AW186C125KIA 1130 
29 40AW256C125KIA 1200 
56 40AW566D125KIA ee 


*Catalog numbers listed are for 2=10% capacitance tolerance and are for insulated capacitors. 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


1. Operating Temperature Range. These capacitors are 
designed to operate over a temperature range of —55°C 
to+125°C at the appropriate voltage rating given in 
Fala C: 


2. DC Working Voltage. The dc working voltage is the 
maximum operating voltage for continuous duty at the 
rated temperature. 


Up to 85°C 125°C 

6 4 

8 5 
10 7 
15 10 
29 1S 
30 20 
50 30 
60 40 
iS 50 
100 65 
ies) 85 


3. DC Leakage Current. Measurements shall be made at 
the applicable rated working voltage at 25°C *+5°C 
through application of asteady source of power, Ssuchasa 
regulated power supply. A current limiting resistor of 
1000 ohms shall be connected in series with each ca- 
pacitor under test. Rated DC working voltage shall be 
applied for a maximum period of 5 minutes before mak- 
ing leaking current measurements. 


3.1 The maximum leakage current values are as listed 
in the standard ratings table. 


4. Capacitance and Tolerance. The capacitance of all 
capacitors shall be within the specified tolerance limits of 
the nominal rating. 


4.1 Measurements shall be made by the bridge method 
at or referred to a frequency of 120 Hz at a temperature 
of +25°C. The maximum voltage applied to the ca- 
pacitors during measurements shall be 1 volt rms. Mea- 
surement accuracy of the bridge shall be within +2%. 


5. Dissipation Factor. Measurements are made with a 
polarized capacitance bridge at a frequency of 120 Hz at 
a temperature of +25°C. 


6. Capacitance Change with Temperature. Capacitance 
change with temperature shall not exceed the limits 
given in the standard ratings table. 


7. Low Temperature Impedance. The impedance of any 
capacitor at -55°C at 120 Hz shall not exceed the 
values given in the standard ratings table. 
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8. Mechanical Shock. Capacitors shall withstand a shock 
of 100g when tested in accordance with method 213 of 
MIL-STD-202, test condition I. 

8.1 Following the shock test, capacitors shall be ex- 
amined for evidence of mechanical damage and leakage 
of electrolyte. 


9. High Frequency Vibration. Capacitors shall withstand 
vibration from 10 to 2000 Hz at 20g without internal damage 
when tested in accordance with MIL-STD-202, method 204, 
test condition D. Electrical measurements made while 
under these conditions shall show no intermittent contacts 
or open or short circuiting. 


9.1 Following the vibration test, the dc leakage current. 


shall not exceed 125% of the original requirement; the 
capacitance shall change not more than +5% from the 
initial measured value and the DF shall not exceed 115% 
of initial requirement. 


9.2 Inaddition, there shall be no evidence of mechanical 
damage, obliteration of marking, or leakage of electrolyte. 


10. Pull Test. Leads shall withstand a tensile stress of 3 
lbs. for 30 seconds applied axially in accordance with 
MIL-STD-202, method 211A, test condition A. 


11. Lead Bend Test. Leads shall meet the bend test 
specified in MIL-STD-202, method 211A, test condition 
C except that the number of bends shall be 4. 


12. Surge Voltage. The surge voltage rating is the max- 
imum voltage to which the capacitors shall be subjected 
under any conditions. This includes transients and peak 
ripple at the highest line voltage. The surge voltage of 
these capacitors is 115% of rated dc working voltage. 


12.1 The capacitors shall withstand the surge voltage 
applied through a 1000 ohm +10% resistor in series 
with the capacitor and voltage source at the rate of '2 
minute on, 5% minutes off, for 1000 successive test 
cycles at 85°C. 


12.2 Following the surge voltage test, there shall be no 
intermittent contacts, open or short circuiting, mechan- 
ical damage, or leakage of electrolyte. 


13. Moisture Resistance. Capacitors shall be subjected 


to the moisture resistance cycling test specified in MIL- 
STD-202, method 106. 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


13.1 Following the moisture resistance test, the dc leakage 
current shall not exceed 125% of the original requirement; 
the capacitance shall change not more than +8% from 
the initial measured value and the DF shall not exceed 
115% of initial requirement. 


14. Seal Test. Capacitors shall be tested in accordance 
with MIL-STD-202, method 112, test condition C, proce- 
dure Illa, 10° atm cc/sec followed by test condition A. 


15. Reverse Voltage Test. Capacitors shall be subjected 
to a dc potential of 3 volts, applied in the reverse polarity 
direction, for 125 +10 hours. The ambient temperature 
during the test shall be +85°C. Capacitors shall be main- 
tained at +85°C and dc rated voltage shall be applied in 
the forward direction for an additional period of 125 +10 
hours. 


15.1 Following the reverse voltage testing, the dc leak- 
age current shall not exceed 125% of the original re- 
quirement, the capacitance shall be within the initial 
value specified and the DF shall not exceed the original 
requirements. 


16. Ripple Life Test at +85°C. Capacitors shall be tested 
in accordance with MIL-C-39006. a. Operating Conditions. 
This test shall be run at a frequency of 40 KHz +2 KHz 
and at the rms ripple current levels specified in the standard 
ratings table. b. Applied dc voltage plus the peak a-c 
voltage shall not exceed the rated voltage of the capacitor. 


16.1 When tested as specified above, capacitors shall meet 
the following requirements: a. The dc leakage current at 25°C 
and at 85°C shall not exceed the original requirements. 
b. The capacitance shall not change more than +10% from 
the initial measured value. c. The DF shall not exceed the 
original requirements. d. Visual examination. There shall be 
no damage, obliteration of marking, or leakage of electrolyte. 


17. Life Test. Capacitors are capable of withstanding life 
test at the following conditions: 


Temperature Hrs. % Rated Voltage 
elel@ 2000 1OOs 
elite le: 2000 100" 


“Refer to the standard ratings table. 
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17.1 After life test and for those tested at +85 and/or 


+125°C, shall not exceed the initial requirement; the 
DF shall not exceed the initial requirement; and the 
capacitance value shall not change more than 10% 
from the initial measurement. 


18. Barometric Pressure (reduced). Capacitors shall be 
tested in accordance with MIL-STD-202, method 105, test 


condition E. Rated dc voltage shall be applied for 1 minute 


+5 seconds. 


18.1 Following Barometric Pressure test, capacitors - 


shall be visually examined for harmful deformation of the 
case, mechanical damage, obliteration of marking, leak- 


age of electrolyte and indications of flashover and break- ~ 


down. 


19. Thermal Shock. Capacitors shall be subjected to 300 


cycles in accordance with MIL-STD-202, method 107 — 


and MIL-C-39006. 


19.1Following the thermal shock test, dc leakage current — 


shall not exceed 200% of the initial requirement, ca- 
pacitance shall not have changed more than +5% from 


initial measured value and DF shall not exceed 115% ~ 


of initial specified value. 


20. Marking. Capacitors shall be marked with Philips 
Components part marking, type number (40AW), rated capa- © 


citance and tolerance, rated dc working voltage and the 
standard EIA date code of manufacture. 


21. Polarity. Polarity shall be indicated by plus (!) signs — 


adjacent to the positive terminal. 


22. Insulation. When an insulated device is required, 
the insulating material will be MYLAR. 
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SERIES 40AW 


industrial Type Tantalum Capacitors 


RIPPLE CURRENT MULTIPLIERS VS. FREQUENCY, 
TEMPERATURE & APPLIED PEAK VOLTAGE 


Trrequency ot cs ] 
applied 120 Hz 800 Hz 1 kHz 10 kHz 40 kHz 100 kHz 
ripple current Temp °C Temp °C Temp °C Temp °C Temp °C Temp °C 
Ambient <55° 85° -105°—-:125° | <55° 85° «105° «125°; <55° 85° 105° 125°) <55° 85° 105° 125°} <55° 85° 105° 125°/<55° 85° 105° 125° 
stil 
air 
| IL IL IL | 
100% 60 39 = = 71 43 = _ iz 45 — - 88 55 = — 1.0 63 _ — Neil 69 — = 
g 90% 60 46 - = wil £55 — = 72 5 - - 88 67 — - 1.0 77 - = 1 85 - = 
= & 
° = 80% 60 52 35 — arf 62 42 - 72 62 42 - 88 76 52 - 1.0 87 59 - ida 96 65 — 
co > 
es 70% 60 98 44 — aM 69 Sy2 = he: 70 52 — 88 85 64 = 1.0 97 73 — 1.1 1.07 80 = 
<66-2/3% 60 60 46 ez] el wal 55 32 72 72 55 32 88 88 68 40 1.0 1.0 77 45 Ha 1a 85 50 
NOTES: 


1. At 125°C the rated voltage of the capacitors decreases to 66-2/3% of the 85°C rated voltage. 

2. The peak of the applied ac ripple voltage plus the applied dc voltage must not exceed the dc voltage rating of the capacitor either forward or reverse 

3. The ripple current listed in table | represents a rating calculated using a maximum internal temperature rise (AT) of 50°C at 40 kHz at 85°C ambient with a maximum peak rated voltage of 66-2/3% of the 
85°C peak voltage rating. 

4. The maximum allowable internal temperature rise (AT) decreases linearly to a calculated 10°C rise at 125°C ambient. 


a 

= 

& 

=e 

5. The internal temperature rise is directly proprotional to the ESR of the capacitor, and ESR increases with decreasing frequency : 

® 

xs] 

ot) 

TYPICAL CURVES a) 

ee 

im -) 

pedance 4 

A. Impedance in ohms at 25° C may be read directly from w% 
Curve 1. 


B. To obtain impedance at temperatures other than 25° C, 
multiply the impedance from Curve 5 by a correction factor 
from Curve 2, 3, or 4. 


IMPEDANCE FOR TANTALUM WET SLUGS TYPICAL ESR VS. FREQUENCY AT 25°C 
AT 25°C 
ak Seer sissvemsesereeett | 
See eve i 
| CSUN ie {oat olan eta 
} Tle Cet _ +4 + t+ 
End> _=——+ + Het | ST AL Cot Co 5 
ee ee rH 
| a Seeett eee eet cH 
20S ttt js nee Hy 
Pe Seacrest 
= 14 20 uf tog ETH ie SO 0 a em cH 
Pa © Sor rH 
z es oes SE Stee ee le a NCCT en 
= 1.0 See L a i nau 
o 2B feat 100 A 25V-h ee 
oO 6 + 850 uf 8V-4 4 ae= IEOE { 
= === ans 
2+ 95 af 1252 = 
cS Le 0 ee HEE t 
™ 2500 uf ; 100 1000 10,000 100,000 
! FREQUENCY-HERTZ 
0.1 ll 
LITT 
tl CKAGE ONLY 
0.01 Ill UM 


60 100 1000 10K 100K 1MC 10MC =. 100MC 
FREQUENCY-HERTZ 
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SERIES 40AW 


Industrial Type Tantalum Capacitors 


WET SLUG IMPEDANCE CORRECTION FACTGRS 
UP TO 5 if 
NO. 2 


WET SLUG IMPEDANCE CORRECTION FACTORS 
FOR CAPACITANCE 100 ::f 
AND ABOVE INCLUDING PACKAGES 


NO. 4 
22 
x 20 
S 
= 18 
16 
0 14 
60 100 1000 10K a 
FREQUENCY-HERTZ = le 
WET SLUG IMPEDANCE CORRECTION FACTORS = 10 
FOR CAPACITANCE 5-100 ,/f 
NO. 3 8 
6 
4 
oe 
= 2 
o 
= 0 
oe 60 100 1K 10K 
as 
0 FREQUENCY-CPS 
60 100 1KC 10KC 100KC 
FREQUENCY-HERTZ 
HOW TO SPECIFY 
Series 40AW can be specified using the following designation: 
4 0 A Ww 225 A 075 K I A 
Tantalum Industrial 
Saag O = Unsleeved 
| = Sleeved 
Axial Lead 
Capacitance 
Series Tolerance 
| J = +5% 
Wet Slug Case Size K =+10% 
M = +20% 
Capacitance Voltage Rating 
in (pF) 


First two digits are 
significant figures. 
Third digit numbers 
of zeros to follow 
225 = 2.2uF 
226 = 22uF 


@ 85°C 
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SERIES 40BW 


DESCRIPTION 


The 40BW capacitor is an extended range all 
tantalum cased high reliability porous anode type 
with a glass to tantalum hermetic seal. This type 
capacitor is primarily suited for military and aero- 
space application. This capacitor meets or exceeds 
all requirements of MIL-C-39006/25. 


These capacitors are ideal for such functions as 
filtering, by-passing, coupling and timing in applica- 
tions where minimum size and weight conditions 
must be achieved and reverse voltage up to 3VDC, 
or high ripple currents, are required. 


GLASS-TO-TANTALUM SEAL 


The glass-to-tantalum seal is one unique feature 
of the 40BW Series. This seal differs from other 
hermetic seals in that it is a tantalum feed-through 
seal. This construction (Fig.1) provides a true glass- 
to-tantalum seal. 


TANTALUM CASE 


Use of a tantalum case and tantalum powder 
cathode permits 3VDC reverse capability without 
harm; and the sintered powder cathode allows 
higher vibration and shock levels than comparable 
silver cased devices. 


CLR 81 


Extended Range 
Tantalum Case 
Hermetically Sealed 
Tubular Tantalum-Case 
Wet-Slug Capacitor 


at 
% 
—55°C to 125°C 6.8 to 1800 uF & 
4-125 Volts DC = 
3 
2) 
a 
FEATURES = 
M@ Extended Range x 
@ All tantalum construction ™ 
M Reverse voltage capability of 3VDC " 
@ High ripple current 
M@ Long life 
M Rated for —55°C to 125°C Operation 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


DIMENSIONS oUuTLINE DRAWING OUTLINE DIMENSIONS 
D = 0.031" D 0.031" Case Dimensions — Inches (mm) 
. Sok bl yy 
mine ees ee Fis ee Le \- Code Basic eer G 
Case eer G 
Te © Type | MIL 
40BW | Equiv. | + oni (79) 
sige e 250" max es —.016 (.41) | +.016 (.41) +250 (6.35) |+.002 (.05) 
max 219 ( 5.56) |1.500 (38.10) | .025 (.64) 
.312 ( 7.92) }2.250 (57.15) | .025 (.64) 
N TED FIG.2 INSULATED 406 (10.31) |2.250 (57.15) | .025 (.64) 
pene a 406 (10.31) |2.250 (57.15) | .025 (.64) ! 
STA N D A | D a4 AT] N G S Length of basic case sleeving shall lap over the ends of the capacitor body. Non-shrinkable 


sleeving extends .016 inch minimum, .062 inch maximum beyond each end of the case. 


Philips Components 
Part Number 


40BW227A006M1* 
40BW227 A006K1* 
40BW827B006M1* 
40BW827B006K1* 
40BW158C006M1* 
40BW158CO006K1* 
40BW228D006M1* 
40BW228D006K 1* 


OnOaOW WNP 


40BW187A008M1* 
40BW187A008K1* 
40BW687B008M 1* 
40BW687B008K1* 
40BW158C008M1* 
40BW158CO008K1* 
40BW188D008M1* 
40BW188D008K 1* 


NN OO WW W&M PO 


40BW157A010M1* 
40BW157A010K1* 
40BW567B010M1* 
40BW567B010K1* 
40BW128C010M1* 
40BW128C010K1* 
40BW158D010M1* 
40BW158D010K1* 


NN OO W ODM PM 


40BW107A015M1* 
40BW107A015K1* 
40BW397B015M1* 
40BW397B015K1* 
40BW827C015M1* 
40BW827C015K1* 
40BW108D015M1* 
40BW108D015K1* 


DODMDWWNM NP 


40BW686A025M 1* 
40BW686A025K 1* 
40BW277B025M1* 
40BW277B025K1* 
40BW567C025M1* 
40BW567C025K1* 
40BW687D025M1* 
40BW687D025K1* 


WONNWWND PO 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


Philips Components » | @-55°C 
Part Number & 120Hz 
ohms 


40BW566A030M 1* 
40BW566A030K 1* 
40BW227B030M1* 
40BW227B030K1* 
40BW477C030M1* 
40BW477C030K1* 
40BW567D030M 1* 
40BW567D030K 1* 


40BW336A050M 1* 
40BW336A050K1* 
40BW127B050M1* 
40BW127B050K1* 
40BW277C050M1* 
40BW277C050K1* 
40BW337D050M 1* 
40BW337D050K1* 


40BW276A060M1* 
40BW276A060K 1* 
40BW107B060M1* 
40BW107BO060K1* 
40BW227C060M1* 
40BW227C060K1* 
40BW277D060M1* 
40BW277D060K1* 


ssopivedey) winjejuel 


40BW226A075M1* 
40BW226A075K1* 
40BW826B075M1* 
40BW826B075K1* 
40BW187C075M1* 
40BW187C075K1* 
40BW227D075M1* 
40BW227D075K1"* 


40BW106A100M1* 
40BW106A100K1* 
40BW396B100M1* 
40BW396B100K1* 
40BW686C100M1* 
40BW686C100K1* 
40BW127D100M1* 
40BW127D100K1* 


40BW685A125M1* 
40BW685A1 25K 1* 
40BW276B125M1* 
40BW276B125K1* 
40BW476C125M1* 
40BW476C125K1* 
40BW826D125M1* 
40BW826D125K1* 
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SERIES 40BW 


Tubular Tantalum-Case Wet Slug Capacitor 


PERFORMANCE CHARACTERISTICS  ¢. Low Temperature Impedance. The impedance of any. 


1. Operating Temperature Range. These capacitors are 
designed to operate over a temperature range of 
—55°C to +85°C and +125°C with proper derating, 
at the appropriate voltage rating given. 


2. DC Working Voltage. The dc working voltage is the 
maximum operating voltage for continuous duty at the 
rated temperature. 


Up to 85°C 125°C 
6 4 
8 a 
10 % 
15 10 
25 ake) 
30 20 
50 30 
60 40 
(hte 50 
100 65 
125 85 


3. DC Leakage Current. Measurements shall be made 
at the applicable rated working voltage at 25°C+5°C 
through application of a steady source of power, such 
as a regulated power supply. A current limiting resistor 
of 1000 ohms shall be connected in series with each 
capacitor under test. Rated DC working voltage shall 
be applied for a maximum period of 5 minutes before 
making leaking current measurements. 


3.1 The maximum leakage current values are as listed 
in the standard ratings table. 


4. Capacitance and Tolerance. The capacitance of all 
capacitors shall be within the specified tolerance limits 
of the nominal rating. 


41 Measurements shall be made by the bridge method 
at a frequency of 120 Hz at a temperature of +25°C. 
The maximum voltage applied to the capacitors during 
measurements shall be 1 volt rms. Measurement ac- 
curacy of the bridge shall be within +2%. 


5. Dissipation Factor. Measurements are made with a 
polarized capacitance bridge at a frequency of 120 Hz 
at a temperature of + 25°C. 
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capacitor at —55°C at 120 Hz shall not exceed the 
values given in the standard ratings table. 


7. Mechanical Shock. Capacitors shall withstand a 
shock of 100g when tested in accordance with method | 
213 of Military Standard MIL-STD-202, test condition |. 


7.1 Following the shock test, capacitors shall be exam- 
ined for evidence of mechanical damage and leakage. 
of electrolyte. 


8. High Frequency Vibration. Capacitors shall with-. 
stand vibration from 10 to 2000 Hz at 20g without 
internal damage when tested in accordance with Military » 
Standard MIL-STD-202, method 204, test condition D.. 
Electrical measurements made while under these con- 
ditions shall show no intermittent contacts or open or 
short circuiting. 


8.1 Following the vibration test, the dc leakage current | 
shall not exceed 125% of the original requirement; the 
capacitance shall change not more than +5% from the 
initial measured value and the DF shall not exceed "Sa 
of initial requirement. 


8.2 In addition, there shall be no evidence of mechanical . 
damage, obliteration of marking, or leakage of electrolyte. 


9. Pull Test. Leads shall withstand a tensile stress of - | 
3 Ibs. for 30 seconds applied axially in accordance with 
MIL-STD-202, method 211, test condition A. 


10. Lead Bend Test. Leads shall meet the bend test 
specified in MIL-STD-202, method 211, test condition B. 
Except number of bend shall be 4. 


11. Surge Voltage. The surge voltage rating is the max- 
imum voltage to which the capacitors shall be subjected - 
under any conditions. This includes transients and peak | 
ripple at the highest line voltage. The surge voltage of 
these capacitors is 115% of rated dc working voltage. - 


11.1 The capacitors shall withstand the surge voltage 
applied through a 1000 ohm +10% resistor in series 
with the capacitor and voltage source at the rate of % 
minute on, 5% minutes off, for 1000 successive test 
cycles at 85°C. | 


11.2 Following the surge voltage test, there shall be no 
intermittent contacts, open or short circuiting, mechan- 
ical damage, or leakage of electrolyte. 


12. Moisture Resistance. Capacitors shall be subjected ! 
to the moisture resistance cycling test specified in 
MIL-STD-202, method 106. 


SERIES 40BW 


Tubular Tantalum-Case Wet Slug Capacitor 
PERFORMANCE CHARACTERISTICS 


12.1 Following the moisture resistance test, the dc 
leakage current shall not exceed 125% of the original 
requirement; the capacitance shall change not more 
than +8% from the initial measured value and the DF 
shall not exceed 115% of initial requirement. 


13. Seal Test. Capacitors shall be tested in acccordance 
with MIL-STD-202, method 112, test condition C, 
procedure lila, 10°° atm cc/sec followed by test 
condition A. 


14. Reverse Voltage Test. Capacitors shall be subjected 
to a dc potential of 3 volts, applied in the reverse 
polarity direction, for 125+10 hours. The ambient 
temperature during the test shall be +85°C. Capacitors 
shall be maintained at +85°C and dc rated voltage shall 
be applied in the forward direction for an additional 
period of 125+10 hours. 


14.1 Following the reverse voltage testing, the dc 
leakage current shall not exceed 125% of the original 
requirement; the capacitance shall be within the initial 
value specified and the DF shall not exceed the original 
requirements. 


15. Ripple Life Test at +85°C. Capacitors shall be 
tested in accordance with Military Specifications 
MIL-C-39006. a. Operating Conditions. This test shall 
be run at a frequency of 40 KHz +2 KHz and at the 
rms ripple current levels specified in the standard ratings 
table. b. Applied dc voltage plus the peak a-c voltage 
shall not exceed the rated voltage of the capacitor. 


15.1 When tested as specified above, capacitors shall 
meet the following requirements: a. The dc leakage 
current at +25°C and at +85°C shall not exceed the 
original requirements. b. The capacitance shall not 
change more than +10% from the initial measured 
value. c. The DF shall not exceed the original re- 
quirements. d. Visual examination. There shall be no 
damage, obliteration of marking, or leakage of electrolyte. 


16. Life Test. Capacitors are capable of withstanding 
life test at the following conditions: 


Temperature Hrs. % Rated Voltage 
+85°C 2000 100 
+125°C 2000 67 
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16.1 After life test and for those tested at +85 and/or 
+125°C, the capacitors shall be returned to +25°C 
+5°C. The dc leakage current, measured at +25°C, 
+85 and/or +125°C, shall not exceed the initial require- 
ment; the DF shall not exceed the initial requirement; 
and the capacitance value shall not change more than 
10% from the initial measurement. 

Not more than 1 failure shall be permitted in 12 units 
tested. 


17. Barometric Pressure (reduced). Capacitors shall be 
tested in accordance with MIL-STD-202, method 105, 
test condition E. Rated dc voltage shall be applied 
for 1 minute +5 seconds. 


17.1 Following Barometric Pressure test, capacitors shall 
be visually examined for harmful deformation of the case, 
mechanical damage, obliteration of marking, leakage of 
electrolyte and indications of flashover and breakdown. 


18. Thermal Shock. Capacitors shall be subjected to 
300 cycles in accordance with MIL-STD-202, method 
107 and MIL-C-39006. 


18.1 Following the thermal shock test, dc leakage 
current shall not exceed 200% of the initial requirement, 
capacitance shall not have changed more than +5% 
from initial measured value and DF shall not exceed 
115% of initial specified value. 


19. Marking. Capacitors shall be marked with Philips 
Components part marking, tyoe number (40BW), rated 
capacitance and tolerance, rated dc working voltage at +85°C 
and the standard EIA date code of manufacture. 


19.1 Military devices will be marked as specified in 
MIL-C-39006. Para. 3.32. 


20. Polarity. Polarity shall be indicated by plus (+) signs 
adjacent to the positive terminal. 


21. Insulation. When an insulated device is required, 
the insulating material will be mylar. 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


| iaiaate ears 


RIPPLE CURRENT MULTIPLIERS VS. FREQUENCY, 
TEMPERATURE & APPLIED PEAK VOLTAGE 


60} .39} —} —].71].43} —]| — a 


1. At 125°C the rated voltage of the capacitors decreases to 66%4% of the 85°C rated voltage. 


Frequency 
of applied 
ripple current 


Ambient still air 
temperature 
in °C 


85°C 4 
rated 90% 
peak 80% 
voltage 


667% 


NOTES: 


2. The peak of the applied ac ripple voltage plus the applied dc voltage must not exceed the dc voltage rating of the capacitor either forw 


or reverse. 


3. The ripple current listed in table 1 represents a rating calculated using a maximum internal temperature rise ( At ) of 50°C at 40} 


at 85°C ambient with a maximum peak rated voltage of 66%2% of the 85°C peak voltage rating. 
4. The maximum allowable internal temperature rise ( At ) decreases nearly to a calculated 10°C rise at 125°C ambient. 


5. The internal temperature rise is directly proportional to the ESR of the capacitor and ESR increases with decreasing frequency. 


TYPICAL CURVES 


impedance 

A. Impedance in ohms at 25°C may be read directly 
from Curve 1. 

B. To obtain impedance at temperatures other than 
25°C, multiply the impedance from Curve 5 by a cor- 
rection factor from Curve 2, 3, or 4. 


IMPEDANCE FOR TANTALUM WET SLUGS WET SLUG IMPEDANCE CORRECTION FACTORS ; 
at 25°C UP TO 5 uf : 
NO. 2 
s s 
= i S 
= iN x 
i Ati 
2500 yf * 
i 
Bat He = . HH 60 100 1000 
Hit : { tH ae ONLY et i Ai i FREQUENCY-HERTZ 
0.01 Ll QUT TL ETT 
60 100 Ht 10K 100K 1MC 10MC 100MC 


FREQUENCY-HERTZ 
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OHMS 


ESR 


SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


aS | 
WET SLUG IMPEDANCE CORRECTION FACTORS WET SLUG IMPEDANCE CORRECTION FACTORS 
FOR CAPACITANCE 5-100 yf FOR CAPACITANCE 100 uf 
NO. 3 AND ABOVE INCLUDING PACKAGES 
NO.4 


cy 


FACTOR 


FACTOR 


FREQUENCY-HERTZ 


ssozi9edey winjejuey 


60 1 


00 1K 
FREQUENCY-CPS 


TYPICAL ESR VS. FREQUENCY AT 25°C 


FREQUENCY-HERTZ 
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SERIES 40BW 
Tubular Tantalum-Case Wet Slug Capacitor 


HOW TO SPECIFY 


Philips Components Series 40BW can be specified using the following designation: 


4 0 B W 226 A 075 K I A j 
Tantalum Capacitance 
Capacitor Tolerance : 

Axial Lead J = +5% t 
K = +10% 
M = +20% y 
Series Voltage Rating O = Unsleeved 4 
@85°C | = Sleeved F 
Wet Slug Case Size ¥ 
: Reliability Level ; 
Capacitance 
me (pF) A = Industrial Grade 
First two digits are M = CLR81 "M" Love 
significant figures. P = CLR81 “pP” Level” 
Third digit numbers X = Requires M/C 
of zeros to follow Internal Spec. 
220% 2eur 
22 fa=s220 UF 
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SERIES 40EW 


Extended Range Tubular Wet 
Tantalum Capacitor 


DESCRIPTION 


40EW Type Tantalum Capacitors are uniquely 
designed for 125°C applications with a leak proof 
construction that surpasses all military specifica- 
tions. The Philips Components 40EW Type capa- 
citor offers extreme savings in both weight and 
space as compared with the conventional flange 
type construction. Savings up to 30% in weight 
and 40% in volume are available. 


Philips Components research and development 
facilities, coupled with years of manufacturing 
experience, have resulted in these advantages, 
together with extremely .low leakage current. These 
Capacitors are normally supplied with an insulated 
case, without additional cost, for added protection 
in compact circuits. 


FEATURES 
™ EXTENDED RANGE 


wad 
sl) 
= 
I 
S 
3 
Le) 
3 
5 
~” 


& TUBULAR-POLAR 

®@ THIXOTROPIC ELECTROLYTE 

@ SINTERED ANODE 

& TANTALUM CAPACITOR 

@ +125°C OPERATION 

@ ELASTOMER SEAL 

@ HIGHEST CAPACITANCE PER UNIT VOLUME 


WARNING 


NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40EW 


Industrial Type Tantalum Capacitors 


OPERATING TEMPERATURE RANGE 


Philips Components 40EW Type Tantalum Capacitors are designed to 
operate over a temperature range of —55°C to +85°C without derating. The 
units must be derated @ 125°C. 


DC WORKING VOLTAGE 
The dc working voltage is the maximum operating voltage for con- 
tinuous duty at the rated temperature. 


SURGE VOLTAGE 

The surge dc rating is the maximum voltage to which the capacitors 
should be subjected under any conditions. This includes transients and 
peak ripple at the highest line voltage. The surge voltage of all 40EW Type 
Tantalum Capacitors is 115% of rated dc working voltage. 

The capacitors shall withstand the surge test voltage applied through 
a 1000 ohm * 10% resistor in series with the capacitor and voltage source 
at the rate of 2 minute on, 5’ minutes off, for 1000 successive test cycles 
atli25°C: 

Following the surge test, the capacitance at 25°C shall not have changed 
by more than +10%, the equivalent series resistance will not exceed the 
value shown in the tables for each capacitor, and the leakage current will 
not exceed the requirements of paragraph 7. Not more than 1 failure for 
any of the above reasons shall be allowed for any 12 samples tested. 


CAPACITANCE 

Capacitance measurements shall be made at or referred to 120 Hz 
and a temperature of +25°C. 

The capacitance of all capacitors shall be within the specified tolerance 
limits of the nominal rating. 


CAPACITANCE CHANGE WITH TEMPERATURE 
Capacitance change with temperature shall not exceed the limits 
given in the tables for each capacitor. 


DISSIPATION FACTOR 

Measurements shall be made by the bridge method at or referred to 
a frequency of 120 Hz at a temperature of +25°C. 

The Dissipation Factor shall not exceed the maximum value in percent 
listed in the tables for each capacitor. 


LEAKAGE CURRENT 

Measurements shall be made at rated working voltage with an appli- 
cation of a steady source of power, such as a regulated power supply with 
a 1000 ohm resistance to limit the charging current, connected in series 
with each capacitor under test. Rated working voltage shall be applied 
to capacitors for 5 minutes before making leakage current measurements. 

The maximum leakage current for any capacitor shall not exceed the 
maximum value in microamperes listed in the tables. 


LOW TEMPERATURE IMPEDANCE 
The impedance of any capacitor, at —55°C and 120 Hz, shall not 
exceed the values given in the tables for each capacitor 


LIFE TEST 

Capacitors are capable of withstanding a 2000 hour life test at a 
temperature of 125°C at rated dc working voltage. 

After life test, the leakage current shall not be in excess of the original 
requirements, the equivalent series resistance shall not be more than 
130% of the initial requirement, and the capacitance value shall not have 
increased by more than 25% or decreased by more than 15% from the 
initial value. 

Not more than 1 failure shall be permitted in 12 units tested. 


LOW FREQUENCY VIBRATION 

Capacitors shall withstand a simple harmonic motion having an ampli- 
tude of 0.03" (max. total excursion 0.06") with the frequency being varied 
uniformly between the approximate limits of 10 to 55 Hz and ratings to 
be transversed in approximately 1 minute for a total of 1% hours. 

After vibration test, capacitors shall meet the original requirements for 
capacitance tolerance, equivalent series resistance, and leakage current. 
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HIGH FREQUENCY VIBRATION 

Capacitors shall withstand vibration from 10 to 2000 Hz at 15g without 
internal damage. Electrical measurements made while under these con- 
ditions shall show no intermittent open or short circuit. 

Capacitors shall be securely fastened by means of suitable component 
clips or brackets. 


PULL TEST 
Leads shall withstand a tensile stress of 3 Ibs. for 30 seconds 
applied axially. 


LEAD BEND TEST 
Leads shali meet the bend test described in MIL-C-39006. 


MOISTURE RESISTANCE 

Capacitors shall withstand the moisture resistance cycling test speci- 
fied in MIL Standard 202C, method 106A, without departure from the 
original limits of capacitance, equivalent series resistance, and leakage 
current. 


SHELF TEST 

Capacitors shall withstand a 2000 hour shelf test at 125°C with no 
voltage applied. 

Following the shelf test, the capacitance shall not have changed by 
more than * 10% from the initial value and the leakage current and equiva- 
lent series resistance shall not exceed the values given in the tables for 
each capacitor. 


THERMAL SHOCK 


Capacitors shall be tested in accordance with method 107 of MIL-STD- — 


202. The following details and exception shall apply: 


(a) Conditioning prior to first cycle—15 minutes at room ambient — 


conditions. 
(b) Test condition letter—B. 
(c) Measurements before and after cycling—Not applicable. 


REDUCED PRESSURE 

Capacitors shall be stabilized at a reduced atmospheric pressure of 
1.69X10 ' Torr. for a period of 5 minutes. Rated dc voltage shall be 
applied for 1 minute. Capacitors shall not flash over nor shall end seals 
be damaged by this test nor should the capacitors be electrically effected 
insofar as capacitance, equivalent series resistance, or leakage current 
is concerned. 


MARKING 


Capacitors will be marked with Philips Components part marking type 4 
(CW), rated capacitance and tolerance, rated DC voltage and date code : 


where space permits. 


PART NUMBER SYSTEM 


050 K 1 A 


E INDUSTRIAL 


O = UNSLEEVED 
1 = SLEEVED 


| 


CAPACITANCE TOLERANCE 
J=+5% K=+10% 


VOLTAGE RATING @ 85 C 


CASE SIZE 


CAPACITANCE IN PICOFARADS 
First two digits are significant figures 
Third digit number of zeros to follow: 
335° = 3.3 UF 
336 = 33 uF 


ee, WET ELECTROLYTE 
i SERIES 


AXIAL LEAD 


TANTALUM CAPACITOR 
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M = +20% 


SERIES 40EW 


Industrial Type Tantalum Capacitors 


OUTLINE DRAWING AND DIMENSIONS 


Dimensions — Inches (mm) 
Tia T ar a1 
D/2 L WELD ; m 7 
+.031) Case ’ +.016 (0.41) Max +.250 (6.35) 
025+.002 Size 031 (0.79) Uninsulated Ik Insulated 7 

A ASG Glileoi) .188 (4.78) ENS SS) 1.500 (38.10) 

& B .641 (16.28) 281 (7.14) IZ (( 7S2) 2.250 (57.15) 

C ./66 (19 46) xCiTAS) ((Sheye)) 406 (10.31) 2.250 (57.15) 

: | ibe D 1.062 (26.98) SiZOn(GiSe) .406 (10 31) Z2SO (Ot Va) 
D 


Max D-c Leakage 
Current (ua) 


4/4.7 
4/4.7 
4/4.7 
4/4.7 


5/5.8 
5/5.8 
5/5.8 
5/5.8 


NOW PM Down 


7/8.2 
7/8.2 
7/8.2 
7/8.2 


NOW PO 


10/11.6 
10/11.6 
10/11.6 
10/11.6 


15/17.5 
1S} TES) 
TheyVlTels 


25/29 
25/29 
25/29 
25/29 


15/17.4 
15/17.4 
15/17.4 
15/17.4 


30/35 
30/35 
30/35 
30/35 


20/23.2 
20/23.2 
20/23.2 
20/23.2 


50/58 | 30/35 
50/58 | 30/35 
50/58 | 30/35 


50/58 | 30/35 


60/69 
60/69 
60/69 
60/69 


40/46 
40/46 
40/46 
40/46 


75/87 
75/87 
75/87 
75/87 


50/58 
50/58 
50/58 
50/58 


a 
Nw oCOOhW OmhW OMWh COnNWN COnNWP OMWh 


100/116 
100/116 
100/116 
100/116 


70/82 
70/82 
70/82 
70/82 


125/144 
125/144 
125/144 
125/144 


85/99 
85/99 
85/99 
85/99 


QOS OO OS (Our Wou> COWS Vewr Cou > wow > Oo Slo US Uo UE 


Approximate weight A 1.5 Gram C 6.5 Gram 
B 3.4 Gram D 10.3 Gram 


Max Capacitance 


Change (%) 


*For insulated style, shrinkable sleeving laps over the ends of the case 


Max RMS Ripple 
Current 
(Milliamps) 


Part Number 
+10% 


40EW227A006K1A 
40EW827B006K1A 
40EW158CO06K1A 
40EW228D006K1A 


40EW187A008K1A 
40EW87B008K1A 

40EW158C008K1A 
40EW188D008K1A 


40EW157A010K1A 
40EW567B010K1A 
40EW128C010K1A 
40EW158D010K1A 


40EW107A015K1A 
40EW397B015K1A 
40EW827C015K1A 
40EW108D015K1A 


40EW686A025K1A 
40EW277B025K1A 
40EW567C025K1A 
40EW687D025K1A 


40EWS66A030K1A 
40EW227B030K1A 
40EW477C030K1A 
40EW567D030K1A 


40EW336A050K1A 
40EW127B050K1A 
40EW227CO50K1A 
40EW337D050K1A 


40EW276A060K1A 
40EW107B060K1A 
40EW227CO060K1A 
40EW277D060K1A 


40EW226A075K1A 
40EW826B075K1A 
40EW187C075K1A 
40EW227D075K1A 


40EW106A100K1A 
40EW396B100K1A 
40EW686C100K1A 
40EW127D100K1A 


40EW685A125K1A 
40EW276B125K1A 
40EW476C125K1A 
40EW826D125K1A 
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SERIES 40EW 


industrial Type Tantalum Capacitors 


TYPICAL CURVES 
Capacitance Change With Temperature (120 Hz) 
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Percent Reference Capacitance 


Percent Reference Capacitance 


316 


22 FF, 75V 


eT 
56 .F, 30V 


220 .F, 6V 


=89 = 1010, Zo +85 125 


Temperature, Degrees C 
Fig. 1. Case Size A 


82 uF, 75V 
220 uF 30V 
820 uF 6V 


Temperature, Degrees C 
Fig. 2. Case Size B 


Percent Reference Capacitance 


Percent Reference Capacitance 


180 pF 75V 
470 pF 30V 
—-- 1500 yF 6V 


Temperature, Degrees C 
Fig. 3. Case SizeC 


220 pF, 75V 
560 pF, 30V 
2200 nF 6V 


Temperature, Degrees C 
Fig. 4. Case Size D 
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SERIES 40EW 


Industrial Type Tantalum Capacitors 


TYPICAL CURVES (Cont'd) 
Equivalent Series Resistance (ESR) With Temperature (120 Hz) 


180 pF 75V 
470 uF, 30V 
ae OOO TE. (GV. 


22 uF, 75V 


Ohms 


56 .F, 30 V 
220 uF, 6V 


= SS =< 0) ters) +85 +125 
Temperature, Degrees C Temperature, Degrees C 
Fig. 5. Case Size A Fig. 7. Case SizeC 


Ohms 


Sai 82inF 75V 220 uF, 75V 
-—-- 220 uF 30V 


820 uF 6V 


Ohms 


560 uF, 30V 
at 2200 LON, 


ape | 
eae 
eerie 
ger 
Met 
wid Ra 
Rciraaes 
ae 
pees 


| Viae 


=(5{5) = 810) +25 Oo +125 1S) —30 +25 +85 SP eS 
Temperature, Degrees C Temperature, Degrees C 
Fig. 6. Case Size B Fig. 8. Case Size D 
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SERIES 40EW 


industrial Type Tantalum Capacitors 


d) 


Impedance With Frequency (Cont’d) 


TYPICAL CURVES (Cont’ 


Case Size D 


Case SizeC 


10 MHz 


1OOKHzZz 1MHz 


10 KHz 


es eT ae a AAD 8 


HIT TT TPA UT 
y, 


oorLt LH | 


10 MHz 


1 MHz 


Ga LIEsI08 TO 


CE PE a he 
ae Seal | z 
(e) 


SWHO NI SONVGsdWI 


FREQUENCY 


Fig. 18. 


FREQUENCY 


Fig. 15. 


2200,:f, 6 Volts. 


1500,:f, 6 Volts. 


TTT Tat NTT 


N 
ate 
x 
° 
N 
ae 
we 
N 
ae 
8 
ht ieee eS ss 
ee 


AAS 


SWHO NI SONVGSdW 


Co Tantalum Capacitors 


FREQUENCY 


FREQUENCY 


560,f, 30 Volts. 


Fig. 19. 


470,f, 30 Volts. 


Fig. 16. 


Kp) 
oH 


BPD] eS 7 SSS VS bea se See 


tn eSaw. eee Ce 


SWHO NI SONVGSdW! 


fo) - 


1OO KHz 1MHz 10 MHz 
FREQUENCY 


Fig. 20. 


10 KHz 


1 KHz 


100Hz 


0.01 


1 KHz 1OKHz 100KHz 1MHz 10 MHz 


100Hz 


FREQUENCY 


Fig. 17. 


220,f, 75 Volts. 


180;:f, 75 Volts. 
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SERIES 40EW 


industrial Type Tantalum Capacitors 


TYPICAL CURVES (Cont'd) 
Impedance With Frequency 


Case Size A Case Size B 
1}OOs aap] 10) (eS Sw 9 eae 
ai I ANSE | 
= ana g 
z Gc a el iE 
=z, Se 9 IS 2ENE 
a Eaeoeer ee 
O =e O 
; q 
: Z 
ao 
a Ht teas See == <i ae = 
) euamteey priest eit pape TT oe a a Ht i Bese 5 
Het feared leaeael eS eae Caae | 
ret Palle eleel Eb Felt a Eee \ oH Hy 
a SEITE te j a 
100Hz 1KHz 10KHz 100KHz 1MHz 10 MHz 100Hz 1 KHz 10KHz 100KHz 1 MHz 10 MHz 
FREQUENCY FREQUENCY 3 
Fig. 9. 220jf, 6 Volts. : Fig. 12. 820;:f, 6 Volts. >) 
100 . = ee es & 
i ao i 3 
ail | Wek 
g 10 ;. Se 2 10 id al i + at 
6 H 0 maa Bag s) 
Z \ i é | a 
O id og Goal ial i | 
2 ' EE cH € (FA sasenrauce 
mr ape a) pedal Prt 1 
: 2.4 Serhis ek! iy 
7 0.1 TT 01 ee bas | sae 4 L(U 
= aires ei sate rth 
|| aa arias Ht @ 
a ssdipled il 
0.01 u 0.01 A 
100Hz 1 KHz 10KHz 100KHz 1MHz 10MHz 100Hz 1KHz 10KHz 100KHz 1MHz 10 MHz 
FREQUENCY FREQUENCY 
Fig. 10. 56,/f, 30 Volts. Fig. 13. 220uf, 30 Volts. 
Se ae Bea nian 100 
he Sau facets 
nik | TIM | ail bsclichd beled LM phrataleh 
@ oft4| mibul On TINS 
ett lee eee Soc eee a a 
4 Gem 6 CoS PRM ssect tJ 
E efiesslbralics| | 2 = Saami 
Soap held Bey Ss Lisi! 
ae .2 rr 
< aaa < 0 
. Sime ra BOER 
: enn : 
el < 
See 
oat 0.01 
100Hz 1KHz 10KHz 100KHz 1MHz 10 MHz 100Hz KHz 1OKH2 100KHzZ 1MrHz 10 MHz 
FREQUENCY FREQUENCY 
Fig. 11. 22):f, 75 Volts. Fig. 14. 82j:f, 75 Volts. 
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SERIES 43 JW 


Module Tantalum Capacitor 


DESCRIPTION 


Philips Components 43JW Wet Tantalum Capa- 
citors offer ultra-high capacitance and extremely 
small physical dimensions uniquely combined in 
an exclusive true glass-to-metal hermetic seal. 
This tested and proven design is manufactured 
in a rectangular case for easy mounting in any 
application. 

Modern production facilities and highly trained, 
skilled personnel make it possible for Philips 
Components to produce tantalum capacitors 
having guaranteed low impedance, long life and 
extremely low loss characteristics. 


The type 43JUW series is designed to operate over 
the full military temperature range (—55°C to 
+125°C). Specifications and test conditions are 
presented on the following pages. Thixotropic 
gelled electrolyte assures electrical stability 
throughout extreme temperature ranges. 
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FEATURES 
= HERMETIC SEAL 


@ HIGH CAPACITANCE IN ONE CONVENIENT CASE 
= THIXOTROPIC GELLED ELECTROLYTE 
®@ HIGHER RATINGS AVAILABLE 


@ AVAILABLE WITH ALL TANTALUM 40AW STYLE CEL ‘ 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 
CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 


INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 


SERIES 43JW 


Industrial Type Tantalum Capacitors 


TEST SPECIFICATIONS 


DESIGN AND CONSTRUCTION 

43JW series is constructed from modular assemblies of Philips 
Components 40LW type straight wall 125°C wet electrolyte tantalum 
capacitors. Module assembly epoxy-encapsulated in tinned-metal case 
and sealed with glass-to-glass seals. 


OPERATING TEMPERATURE RANGE 
Designed to operate over a temperature range of —55°C to +85°C 
without derating. May be operated at 125°C with derating. 


CAPACITANCE 

Series capacitance measurements made by polarized bridge method 
at or referred to 120 Hz with 1.0VAC rms max and 2.2 VDC max @ +25°C. 
Capacitance shall be within the specified tolerance limits of nominal 
rating. 


CAPACITANCE CHANGE WITH TEMPERATURE 
Change in capacitance between initial measurements at +25°C +5°C 
and measurements at temperatures listed below shall not exceed the 
applicable values specified at: 
OO. 
Stil 20) 1G, 


—35 percent 
+25 percent 


EQUIVALENT SERIES RESISTANCE (ESR) 

Bridge measurements at or referred to 120 Hz with 1.0VAC rms max 
and 2.2 VDC max at a temperature of 25°C +5°C. Measured equivalent 
series resistance shall not exceed the values shown for each rating. 


LEAKAGE CURRENT 

Measurements at rated working voltage at 25°C +5°C with steady 
source of power applied (regulated power supply) with a 10000 resist- 
ance in series with capacitor under test. Rated working voltage applied 
for 5 mintues before making measurements. Maximum leakage current 
shall not exceed the listed maximum value. 


LOW TEMPERATURE IMPEDANCE 
Impedance value measured @ 120 Hz @ —55°C shall not exceed 
listed value. 


DC WORKING VOLTAGE 
WVDC is maximum operating voltage for continuous duty at rated 
temperature. 


SURGE VOLTAGE 

Surge dc rating is the maximum voltage under any condition. Includes 
transients and peak ripple at highest line voltage. Surge voltage is 
115% of rated WVDC. 

Surge test voltage applied through a 1000 ohm +10% series resistor 
at rate of ’2 minute on, 5’ minutes off, for 1000 successive test cycles 
@ 85°C. 

Following surge test, capacitance @ 25°C not to change more than 
+10%, dissipation factor not to exceed value shown and leakage current 
not to exceed stated requirements. 
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LIFE TEST 

Tested for 2000 hours at rated dc working voltage @ 85°C. Leakage 
current not to exceed original requirements, equivalent series resistance 
not to exceed 130% of the initial requirement, and capacitance not to 
change more than £25%. 


HIGH FREQUENCY VIBRATION 

Vibration from 10 to 2000 Hz @ 20g. Electrical measurements to show 
no intermittent open or short circuit during test. 

After test, capacitance, ESR and leakage current shall meet the original 
requirements. 


PULL TEST 
Terminals shall withstand a tensile stress of 5 lbs. for 30 seconds 
applied axially. 


MOISTURE RESISTANCE 

Moisture resistance cycling test specified in MIL Standard 202, method 
106. After test, capacitance, equivalent series resistance, and leakage 
current shall meet the original requirements. 


SHELF TEST 

A 2000-hour test @ 85°C with no voltage applied. Capacitance not to 
change more than 10% from the initial value, leakage current not to 
exceed requirements specified, and ESR not to exceed values stated. 


THERMAL SHOCK AND IMMERSION 

Tests specified in MIL Standard 202, method 107 and 104 to be com- 
plied with. After test, capacitance, ESR and leakage current shall meet 
the original requirements. 


ALTITUDE 

Stabilized at a reduced atmospheric pressure up to 100 miles for 5 
minutes. Capacitors not to flash over with rated dc voltage applied 1 
minute. End-seals not to be damaged. Electrical measurements shall 
show no intermittent contacts and capacitance, ESR and leakage current 
shall meet original limits. 


POLARITY 
Polarity will be indicated by a Red Glass Seal on the positive (+) 
terminal and a black glass seal on the negative (—) terminal. 


Weight 
Approximate 
45 Grams 
55 Grams 
60 Grams 
75 Grams 
95 Grams 
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SERIES 43JW 


Industrial Type Tantalum Capacitors 


APPLICATION NOTES 


DC Working Voltages 


85°C 

WVDC Surge 

6 7 
8 9.2 
10 11.6 
iS ivee 
25 28.8 
30 S4:5 
45 Sil) 
‘0, SiS 
60 69.0 
16S) 86.2 

100 bis 
Wie WACKS: 
125 143.8 

150 Wi 


PART NUMBER SYSTEM 


EXAMPLE 
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Philips Components Type 43JW Tantalum Capa- 
citors will withstand the ripple current heating 
effects as shown in the typical operating data. 
In operation, the peak voltage across the capacitor 
(DC working voltage plus peak ripple voltage) 
must not exceed the rated working voltage of the 
capacitor. The DC component of the applied voltage 
should always be large with respect to the AC 
component to prevent polarity reversal. 

Philips Components Type 43JW Tantalum Capa- 
citors will withstand the ripple current heating 
effects equivalent to the values specified for each 


Case SIZe: 
Case Size Ripple Current (Amperes) at 120 Hz 
A 0.8 
B 1.0 
Cc Welz 
D 1.8 
E 20) 
F les 
G 220 
H Bs, 
J 3.0 
K SS 
ie 40 
M 4.5 
O06 K O: VA a 

TERMINAL CONFIGURATION 

J = Neither terminal 
connected to case 
internally. 

K = Positive terminal 
connected to case 
internally. 

L = Negative terminal 
connected to case 
internally. 

INDUSTRIAL 


O = UNSLEEVED 


APACITANCE TOLERANCE 
J=+5% K=2+10% M=+20% 


VOLTAGE RATING AT 85 C 


CASE SIZE 


CAPACITANCE IN PICOFARADS 
First two digits are significant figures. 
Third digit number of zeros to follow: 


338 = 3300 uF 
149 = 14000 uF 


WET ELECTROLYTE 


125°C 
WVDC Surge 
4 4.7 
5 Sis) 
if 8.2 
10 Wis 
1S) Wes 
20 23.0 
30 35.0 
838} 38.0 
40 46.0 
50 Oya) 
70 80.5 
TS 84.3 
83 95:5 
100 AISHO} 
J W. 338 
SERIES 
MODULE 


TANTALUM CAPACITOR 
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SERIES 43JW 


Industrial Type Tantalum Capacitors 


Max. D.C. Leakage Current 
Capacitance Part Number 
+10% 

A 6 43JW338A006KOA 

B 6 43JW448BOO6KOA 

C 6 43JW558COO6KOA 

D 6 43JW668DO06KOA 

I= 6 43JW728FOO6KOA 

G 6 43JW968 GOO6KOA 

E 6 43JW988E006 KOA 

H 6 43JW129HOO6KOA 

u 6 43JW149JOO6KOA 

K 6 43JW179KO06KOA 

he 6 43JW199LOO6KOA 

M 6 43JW229MO06KOA 

Fo 5100 8 10.2 61 102 16 5150 43JW518FOO8KOA Py 
G 6800 8 1S 82 136 ake 2.80 43JW688 GOO8KOA 3 
H 8500 8 1W/A® 102 170 10 2.20 43JW858HOO8KOA p= 
J 10000 8 20.0 120 200 08 1.80 43JW109JOO8KOA pst) 
K 12000 8 24.0 144 240 07 1.60 43JW129KO08KOA = 
L 14000 8 28.0 168 280 06 1.40 43JW149LO08KOA Ls 
M 15000 8 30.0 180 300 05 1.20 43JW159MO08KOA = 
A 2300 10 AL lS 27 40 SB 66.00 43JW238A010KOA ?) 
B 3000 10 6.0 36 54 24 5.50 43JW308B010KO0A it) 
c 3800 10 Gs 45 67 19 470 43JW388C010KOA xs} 
D 4500 10 9.0 54 81 16 3.80 43JW458D010K0A pT) 
F 4500 10 lees 68 las WG 3.80 43JW458F010K0A © 
E 6000 10 1220 72 108 ANZ Cul 43JW608E010K0A ry 
G 6000 10 xO) 90 150 ale} 2.90 43JW608G010KOA 8 
H 7500 10 18.8 113 188 10 280 43JW758HO10KOA > | 
J 9000 10 22.5 1s 225 08 1.90 43JW908J010KO0A 4) 
K 10000 10 25.0 150 250 07 1.60 43JW109K010KOA 

L. 12000 10 30.0 180 300 06 1.40 43JW129L010KOA 

M 14000 10 35.0 20 350 05 1.30 43JW149M010KOA 

A 480 15 Uno 9 14 41 6.80 43JW487 A0O15KOA 

A 960 15 SiO 18 27 Py 3.10 43JW967 A015KOA 

B 1200 1S Se) 21 62 16 2.30 43JW128BO015KOA 

A 1400 15 40 24 36 .29 1.70 43JW148A015KOA 

g 1400 15 40 24 36 14 70) 43JW148C015KOA 

A 1600 is 50) 30 45 25 1.63 43JW168A015KOA 

B 1900 1S BS 33 49 22 1:55 43JW198B015KOA 

B 2100 15 6.0 36 54 19 1.30 43 JW218B015KOA 

D 2100 ike) 6.0 36 54 a0) 1.30 43JW218D015K0OA 

S 2400 15 7.0 42 63 Sh Nels 43JW248C015KOA 

E 2400 VS 7.0 42 63 .08 als 43JW248E015KOA 

c 2700 We 8.0 48 We 5S 1.10 43JW278C015KOA 

D 2900 15 9.0 54 81 14 1:05 43JW298D015KOA 

D 3200 15 10.0 60 90 WZ: 1.00 43JW328D015KOA 

E 3200 We 120 WE 120 .20 3.80 43JW328F015KOA 

|e 3900 To 12.0 WP 108 a® 1.00 43JW398E015KO0OA 

Ee 4300 1S WHO) 78 Welee .09 1.00 43JW438E015KOA 

G 4300 US 16.2 97 162 WS 2.90 43JW438G015KOA 

H 5400 5) 20.3 122 203 12 2530 43JW548HO15KOA 

J 6500 1S 24.4 147 244 10 1.90 43JW658J015KOA 

K 7600 15 28.5 eval 285 O09 1.60 43JW768K015KOA 

L 8600 is B23 194 32s .08 1.40 43JW868L015KOA 

M 9700 15 36.4 219 364 07 SiO) 43JW978M015KOA 
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Industrial Type Tantalum Capacitors 
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Capacitance WVDC 
uF @85°C 
2100 25 Were 
2800 25 WS 
3500 ANS) 2M. 
4200 PAS) 20.3 
4900 25 SOn7 
5600 25 35.0 
6300 25 39.4 
270 30 WS) 
520 30 3.0 
660 30 4.0 
820 30 5.0 
820 30 5.0 
900 30 SS) 
1100 30 no) 
1200 30 1A; 
1200 30 TO 
1300 30 8.0 
1400 30 8.0 
1500 30 9.0 
1600 30 10.0 
1800 30 pho) 
1800 30 Remo: 
2200 30 13.0 
2400 30 14.0 
2400 30 18.0 
3000 30 DNS 
3600 30 27.0 
4200 30 SES 
4800 30 36.0 
5400 30 40.5 
430 45 4.0 
550 45 5.0 
570 45 5.0 
600 45 SHS) 
660 45 6.0 
750 45 7.0) 
800 45 GS 
940 45 %O 
1000 45 9.0 
1000 45 9.0 
1100 45 10.0 
1200 45 11.0 
1500 45 S10 
1600 45 AUS, 
200 50 220 
400 50 4.0 
430 50 4.5 
480 50 510 
500 5O 5.0 
600 50 6.0 
640 50 6:5 
800 o\0) 8.0 
800 50 8.0 
960 50 9.5 
960 50 12.0 
1000 50 10.0 
1300 50 10) 
1300 50 IGS 
1600 50 20.0 
1900 50 ZSLo 
2200 50 PLES 


—t 


2.50 
2.30 


1.40 


G20 


3.10 
2.90 
2.80 


2.30 


8.10 


3.90 
3.10 


Part Number 
+10% 


43JW218F025KOA 
43JW288GO025KOA 
43JW358HO25KOA 
43JW428J025KOA 
43JW498KO025KOA 
43JW568L025KOA 
43JW638M025K0A 


43JW277 AOSOKOA 
43JW527 AOSOKOA 
43JW667 BO3OKOA 
43JW827 AO3SOKOA 
43JW827CO30KOA 
43JW907 AOSOKOA 
43JW118BO30KOA 
43JW128B030K0A 
43JW128D030KO0A 
43JW138E030K0A 
43JW148CO30KOA 
43JW158CO50KOA 
43JW168D030KOA 
43JW188D030KO0A 
43JW188FO30KOA 
43JW228E030K0A 
43JW248E030K0A 
43JW248GO030K0A 
43JW308HO30KOA 
43JW368JO30KOA 
43JW428KO030KOA 
43JW488LO030KO0A 
43JW548M030K0A 


43JW437 AO45KOA 
43JW557 BO45KOA 
43JW577 A045KOA 
43JW607 BO45KOA 
43JW667 CO45KOA 
43JW757 BO45KOA 
43JW807 BO45KOA 
43JW947 CO45KOA 
43JW108CO045KO0A 
43JW108D045KO0A 
43JW118E045KO0A 
43JW128D045KO0A 
43JW158E045KOA 
43JW168E045KOA 


43JW207 AOSOKOA 
43JW407 AOSOKOA 
43JW437 AOSOKOA 
43JW487 AOSOKOA 
43JWS07 BOSOKOA 
43JW607 COSOKOA 
43JW647 BOSOKOA 
43JW807 COSOKOA 
43JW807 DOSOKOA 
43JW967 EOSOKOA 
43JW967 FOSOKOA 

43JW108E050KOA 
43JW138E050K0A 
43JW138GO50KO0A 
43JW168HOSOKOA 
43JW198JOSOKOA 

43JW228K050K0A 
43JW268LOS50KOA 

43JW298M050K0A 
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Capacitance 


400 
560 
700 
840 
840 
1100 
1100 
1400 
1700 
2000 
2200 
2500 


150 
270 
330 
330 
400 
400 
440 
530 


5.0 


SERIES 43JW 


Industrial Type Tantalum Capacitors 


Max. D.C. Leakage Current 
uA 


Max. 

ESR 

85°C 125°C m 
30 45 67 
39 59 48 
51 76 38 
60 90 Foe 
76 126 53S 
78 ile 24 
99 165 i25 
126 210 .20 
US! 255 Ales 
180 300 mS) 
198 330 3 
225 SS Ab 
Wz 18 1.06 
24 36 59 
30 45 81 
30 45 49 
36 54 67 
36 54 40 
39 59 61 
48 72 .50 
5a 76 .48 
54 72 WATE 
60 90 44 
60 90 24 
WS 124 42 
72 108 34 
78 Wale 30 
99 165 50% 
96 144 2A 
124 207 2S 
158 263 ral 
169 282 alts} 
203 338 silts) 
225 SES. a2! 
12 18 1.88 
21 32 94 
ov 40 he} 
30 45 61 
30 45 61 
42 63 46 
42 63 46 
54 2 36 
54 KE 36 
Wit 128 150) 
66 99 30 
102 170 OW 
84 126 eS 
128 2S 30 
150 250 25 
180 300 Ll 
210 350 19 
225 SiS alr 


5.00 
3.10 
3.10 
e270 
4.70 
2.00 
3.50 
2.80 
2.30 
2.00 
1.80 
1.60 


15.60 
8.50 
7.00 
7.00 
5.00 
5.00 
5.00 
4.80 
3.85 
3.65 
3.50 
3.50 
4.80 
3.10 
2.60 
3.60 
1.40 
2.90 
2.40 
20) 
1.80 
1.60 


31.50 
15.00 
11.60 
8.00 
8.00 
6.50 
6.50 
5.80 
5.80 
5.00 
5.70 
3.80 
4.10 
3.00 
2.50 
21\0) 
1.90 
irae) 


Part Number 
+10% 


43JW407 AO6OKOA 
43JW567 BO6OKOA 
43JW707CO6OKOA 
43JW847DO60KOA 
43JW847 FO6OKOA 

43JW118E060KOA 
43JW118GO60KOA 
43JW148HO6O0KOA 
43JW178JO60KOA 

43JW208KO60KOA 
43JW228LO60KOA 

43JW258MO060KOA 


43JW157A075KOA 
438JW277A075KOA 
43JW337A075KOA 
43JW337 BO75KOA 
43JW407 A075KOA 
43JW407CO75KOA 
43JW447BO75KOA 
43JW537BO75KOA 
43JW557 CO75KOA 
43JW607DO75KOA 
43JW667CO75KOA 
43JW667EO75KOA 
43JW667FO75KOA 

43JW797D075KOA 
43JW887E075KOA 
43JW887GO75KOA 
43JW118E075KOA 
43JW118HO75KOA 
43JW148J075KOA 

43JW158K075KOA 
43JW188LO075KOA 

43JW208M075KOA 


43JW856A100KOA 
43JW177A100KOA 
43JW227B100KOA 
43JW267A100KOA 
43JW267C100KOA 
43JW357B100KOA 
43JW357D100KOA 
43JW447C100KOA 
43JW447E100KOA 
43JW517F100KOA 
43JW537D100KOA 
43JW687 G100KOA 
43JW707E100KOA 
43JW857H100KOA 
43JW108J100KOA 
43JW128K100KOA 
43JW148L100KOA 
43JW158M100KOA 
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4 
Max. D.C. Leakage Current Max. Max. Z 
Case Capacitance ESR 9) Part Number 
Size uF $2 -55°C +10% 
| heen 
A 140 erica 22.00 43JW147A110KOA 
B 180 89 20.00 43JW187B110KOA 
© 220 mS 10.00 43JW227C110KO0A 
A 240 67 13.00 43JW247A110KOA 
B 320 50 8.20 43JW327B110K0A 
fe 360 45 7.40 43JW367E110KOA 
G 400 40 7.00 43JW407C110KOA 
D 480 133 5.80 43JW487D110KOA 
EB 640 ‘25 4.90 43JW647E110KOA 
A 170 Ws) 40 24 36 94 20.00 43JW177A125KOA 
A 180 125 45 P2if 40 89 19.00 43JW187A125K0A 
B 220 WAS SS) 33 49 ES} 16.00 43JW227B125KOA 
B 240 125 6.0 36 54 67 14.00 43JW247B125KOA 
C 280 125 7.0 42 63 ei, 13.00 43JW287C125KO0A 
G 300 25 1S 45 67 OS, 12.00 43JW307C125KOA 
D 340 125 8.5 51 76 47 8.30 43JW347D125KOA 
= 340 25 1057 64 107 Loy o10) 43JW347F125KO0A 
= S50 WAS) 8.5 Sil 76 46 8.20 43JW357E125KOA 
D 360 125 9.0 54 81 45 8.30 43JW367D125KOA 
G 450 125 12 yal 85 141 50 4.10 43JW457G125KOA 
E 480 25 112240) 2 108 eS} 7.30 43JW487E125KOA 
H 560 N25 ees) 105 wes, 40 3.30 43JW567H125KOA 
J 670 NAS BWAG, 126 210 OG 2.80 43JW677J5125KOA 
K 790 125 A 149 247 29 2.40 43JW797K125KOA 
“ 900 125 28.2 169 282 29 2.10 43JW907L125KOA 
M 1000 W225 Silks: 188 SiG 22 1.80 43JW108M125KOA 
A 85 150 1.0 6 ) 4.55 40.00 43JW356A150KOA 
A 60 IO 2.0 12 18 2.66 33.00 43JW606A150K0A 
A 70 150 2.0 2 18 2.28 28.80 43JW706A150K0A 
B 90 150 2.5 1S 22 1.76 22.40 43JW907B150KO0A 
iG 100 150 SHO) 18 Pai, 1.60 16.40 43JW107C150K0A 
B 120 150 3.5 21 62 ese O20 43JW127B150KO0A 
A 130 150 4.0 24 36 ieee hS:65 43JW137A150KOA 
D 140 150 4.0 24 36 1.14 12.40 43JW147D150K0A 
B 170 150 5.0 30 54 84 Haile 43JW177B150KOA 
D 180 150 5.5 33 49 89 ie) 43JW187D150KO0A 
E 180 150 Shs) 33 49 89 iateZO 43JW187E150K0OA 
C 220 150 6:5 39 59 fs} 16.00 43JW227C150K0A 
E 240 150 7.0 42 6s 67 8.30 43JW247E150KO0OA 
D 260 150 8.0 48 V2 62 8.20 43JW267D150KO0A 
E 350 150 10.0 60 90 46 8.10 43JW357E150K0A 
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IMPEDANCE IN OHMS 


PERCENT FACTOR 
DISSIPATION 


PERCENT CAPACITANCE 
CHANGE 


DC LEAKAGE 
CURRENT INA 


RATIO AT 120 CYCLES 


= SiS) = S10) 215) O 2o +50 1216S) 


10 
15 


Ola 


IMPEDANCE. CAPACITANCE. AND EQUIVALENT 
SERIES RESISTANCE WITH TEMPERATURE FOR 
TYPE 43JW507 BOSOKOA 


CAPACITANCE 


elias 
IMPEDANCE 


atOO! st 125 


TEMPERATURE — °C 


IMPEDANCE WITH FREQUENCY AT VARIOUS 
TEMPERATURES FOR TYPE 43JW108EOSOKOA 


LI) 
=H 
oh a 


Sr — — 20°C 
— —— 


1 


1 O 100 MHz 

FREQUENCY IN KILOHERTZ 
DISSIPATION FACTOR. CAPACITANCE 
CHANGE. AND DC LEAKAGE CURRENT AFTER LIFE 
TEST AT 125 C AND RATED VOLTAGE FOR 
TYPE 43JW108EO50KOA 
= 
a 
500 1000 1500 2000 


HOURS ON TEST 


oO 
= 
i 
O 
Zz 
WW 
O 
Zz 
< 
O 
WwW 
eu 
= 


IMPEDANCE IN OHMS 


IMPEDANCE IN OHMS 


IMPEDANCE WITH FREQUENCY AT VARIOUS 
TEMPERATURES FOR TYPE 43JW267A100KOA 


Ds, G1 900 0 
Hi UH 


NI 


J 1 10 100 


FREQUENCY IN KILOHERTZ 


IMPEDANCE WITH FREQUENCY AT VARIOUS 
TEMPERATURES WITH TYPE 43JW447E100KOA 


FREQUENCY IN KILOHERTZ 


IMPEDANCE WITH FREQUENCY AT VARIOUS 
TEMPERATURES FOR TYPE 43JW177A100KOA 


HEE oscctttth 


100 
FREQUENCY IN KILOHERTZ 
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OUTLINE DRAWING AND DIMENSIONS 


OVER COVER 


1.305 = .062 L 
A= 1.062 
B=1.375 L 
D = 2.000 G: page 
E =2.500 aa te 
H= 2.250 
J= 2.625 
K= 3.000 
(= Sasi 
M= 3.750 
625 + 
<= aes a" 062 X .125 oi .062X 125 
281 +.031 OBLONG HOLE OBLONG HOLE 
bi 
HT bie 000 in| 
1.275 #.015 aa + 062 
OVER CAN et a 
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DESCRIPTION FEATURES 


Philips Components 40LW Type Tantalum Capa- ™ TUBULAR—POLAR 

citors are uniquely designed. These capacitors 7 jyoTROPIC ELECTROLYTE 
offer extreme savings in both weight and space 

as compared with the conventional flange type #= SINTERED ANODE 
construction. Savings up to 30% in weight and 

40% in volume are available. = TANTALUM CAPACITOR 


Philips Components research and development »#g5°C—125°C WITH DERATING 
facilities, coupled with years of manufacturing 

experience, have resulted in these advantages, #=ELASTOMER SEAL 

together with extremely low leakage current. These 

capacitors are normally supplied with an insulated 

case, without additional cost, for added protection 

in compact circuits. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


Voltage Rating 

85°C 125°C 
6 4 
8 5 
10 if 
1 10 
BS Ks) 
30 20 
50 30 
60 40 
US 50 
100 70 
125 85 


OPERATING TEMPERATURE RANGE 


Philips Components 40LW Type Tantalum Capacitors are designed to 


operate over a temperature range of —55°C to +85°C without derating. 
DC WORKING VOLTAGE 


The de working voltage is the maximum operating voltage for con- 
tinuous duty at the rated temperature. 


SURGE VOLTAGE 


The surge dc rating is the maximum voltage to which the capacitors 


LIFE TEST 

Capacitors are capable of withstanding a 2000 hour life test at a 
temperature of 85°C at rated dc working voltage. 

After the life test, the leakage current shall not be in excess of the 
original requirement, the equivalent series resistance shall not be more 
than 130% of the initial requirement, and the capacitance value shall 


‘not have increased by more than 25% or decreased by more than 15% 


from the initial value. 
Not more than 1 failure shall be permitted in 12 units tested. 


LOW FREQUENCY VIBRATION 

Capacitors shall withstand a simple harmonic motion having an ampli- 
tude of 0.03" (max. total excusrion 0.06") with the frequency being varied 
uniformly between the approximate limits of 10 to 55 Hz and ratings to 
be transversed in approximately 1 minute for a total of 142 hours. 

After vibration test, capacitors shall meet the original requirements for 
capacitance tolerance, equivalent series resistance, and leakage current. 


HIGH FREQUENCY VIBRATION 

Capacitors shall withstand vibration from 10 to 2000 Hz at 15g without 
internal damage. Electrical measurements made while under these con- 
ditions shall show no intermittent open or short circuit. 

Capacitors shall be securely fastened by means of suitable component 
clips or brackets. 


should be subjected under any conditions. This includes transients and PULL TEST 


peak ripple at the highest line voltage. The surge voltage of all 40LW 


Type Tantalum Capacitors is 115% of rated dc working voltage. 


The capacitors shall withstand the surge test voltage applied through 


Leads shall withstand a tensile stress of 3 lbs. for 30 seconds 
applied axially. 


a 1000 ohm +10% resistor in series with the capacitor and voltage source LEAD BEND TEST 


at the rate of 4% minute on, 5'’2 minutes off, for 1000 successive test 


cycles at 85°C. 


Leads shall meet the bend test described in MIL-C-39006. 


Following the surge test the capacitance at 25°C shall not have changed MOISTURE RESISTANCE 


by more than +10%, the equivalent series resistance will not exceed the 


Capacitors shall withstand the moisture resistance cycling test speci- 


value shown in the tables for each capacitor, and the leakage current will fied in MIL Standard 202C, method 106A, without departure from the 
not exceed the requirements of paragraph 7. Not more than 1 failure for Original limits of capacitance, equivalent series resistance, and leakage 


any of the above reasons shall be allowed for any 12 samples tested. 


CAPACITANCE 

Capacitance measurements shall be made at or referred to 120 Hz 
and a temperature of +25°C. 

The capacitance of all capacitors shall be within the specified tolerance 
limits of the nominal rating. 


CAPACITANCE CHANGE WITH TEMPERATURE 
Capacitance change with temperature shall not exceed the limits 
given in the tables for each capacitor. 


DISSIPATION FACTOR 

Measurements shall be made by the bridge method at or referred to a 
frequency of 120 Hz at a temperature of +25°C. 

The Dissipation Factor shall not exceed the maximum value in percent 
listed in the tables for each capacitor. 


LEAKAGE CURRENT 

Measurements shall be made at rated working voltage with an appli- 
cation of a steady source of power, such as a regulated power supply 
with a 1000 ohm resistance to limit the charging current, connected in 
series with each capacitor under test. Rated working voltage shall be 
applied to capacitors for 5 mintues before making leakage current 
measurements. 

The maximum leakage current for any capacitor shall not exceed the 
maximum value in microamperes listed in the tables. 


LOW TEMPERATURE IMPEDANCE 


The impedance of any capacitor, at —55°C and 120 Hz, shall not 
exceed the values given in the tables for each capacitor. 


330 


Current. 


SHELF TEST 

Capacitors shall withstand a 2000 hour shelf test at 125°C with no 
voltage applied. 

Following the shelf test, the capacitance shall not have changed by 
more than +10% from the initial value and the leakage current and equiva- 
lent series resistance shall not exceed the values given in the tables for 
each capacitor. 


THERMAL SHOCK AND IMMERSION 

Capacitors shall withstand the thermal shock and immersion tests 
specified in MIL Standard 202C, method 107, test condition B, except that 
the low temperature shall be —55°C and method 104A, test condition 
B, respectively, without departure from the original limits for capacitance, 
equivalent series resistance, and leakage current. 


REDUCED PRESSURE 

Capacitors shall be stabilized at a reduced atmospheric pressure of 
1.69X10°' Torr. for a period of 5 minutes. Rated dc voltage shall be 
applied for 1 minute. Capacitors shall not flash over nor shall end seals 
be damaged by this test nor should the capacitors be electrically effected 
insofar as capacitance, equivalent series resistance, or leakage current 
is concerned. 


MARKING 


Capacitors will be marked with Philips Component part marking type 
LW rated capacitance and tolerance, rated DC voltage and date code 


where space permits. 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


APPLICATION NOTES 


120 CYCLE RIPPLE VOLTAGE 

Capacitors in case size A will withstand the ripple current heating 
effects equivalent to 40 ma RMS at 120 Hz. Capacitors in case size B 
will withstand the ripple current heating effects equivalent to 200 ma RMS 
at 120 Hz. Capacitors in case size C will withstand the ripple current 
heating effects equivalent to 400 ma RMS at 120 Hz. Capacitors in case 
D and E will withstand the ripple current heating effects equivalent to 
550 ma RMS at 120 Hz in operation, the peak voltage across the capacitor 
(dc working voltage plus peak ripple voltage) must not exceed the rated 
working voltage of the capacitor. The dc component of the applied 
voltage should be sufficiently large to prevent polarity reversal because of 
the ac component. 


STORAGE LIFE 
A storage life of ten years or more, with no voltage at room temperature, 
may be expected. 


USE OF INDUSTRIAL SOLVENTS FOR CLEANING APPLICATIONS 

The use of isopropyl alcohol is recommended for cleaning applications. 
Before using any other solvent, please consult the Philips Components 
Engineering Department. 
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SERIES 40LW 


industrial Type Tantalum Capacitors 


IMPEDANCE, CAPACITANCE AND EQUIVALENT SERIES IMPEDANCE. WITH FREQUENCY AT VARIOUS TEMPERATURES 
RESISTANCE WITH TEMPERATURE FOR 40LW TYPE FOR 40 LW TYPE 140uF, 4 VOLT CAPACITORS 
140uF, 4 VOLT CAPACITORS 


RATIO AT 120 CYCLES 


IMPEDANCE IN OHMS 
: eel] 
[J es 
= 
as 


(oe me 


Be £07153 
2B Gor tures 


Hf 


FREQUENCY IN KILOCYCLES TEMPERATURE — ~C 


IMPEDANCE, CAPACITANCE AND EQUIVALENT SERIES 
RESISTANCE WITH TEMPERATURE FOR 40 W TYPE 
11uF, 70 VOLT CAPACITORS 


10 


IMPEDANCE, WITH FREQUENCY AT VARIOUS TEMPERATURES 
FOR 40 LW TYPE 11uF, 70 VOLT CAPACITORS 


te) 


St HH ie : 
COTS C1 i il 


IMPEDANCE IN OHMS 


Ua 
eae (Sweet s 


RATIO AT 120 CYCLES 
on 


rt 

EQ 
ae. cathe 

. a 
PTemmcmmce | 
[cae cs oeat oii oa | 
S19) 25 O Tae) sine: 15 +100: +125 { 
TEMPERATURE °C 


1 1 100 1MC 1OMC 
FREQUENCY IN KILOCYCLES 2 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 


E 
EXAMPLE 4 : 


299 


i = INDUSTRIAL 
O = UNSLEEVED 
1 = SLEEVED 
aa els a TOLERANCE 


+5% K=+10% M=+20% 


VOLTAGE RATING @ 85°C 
CASE SIZE 
CAPACITANCE IN PICOFARADS 
First two digits are significant figures. 
Third digit number of zeros to follow: 
255 = 2.5 uF 
256 = 25 uF 


WET ELECTROLYTE 


SERIES 


AXIAL LEAD 


TANTALUM CAPACITOR 


OUTLINE DRAWING AND DIMENSIONS 


(+.031) 


WELD 


.025+.002 


Dimensions—Inches (mm) 


Case 
Size 


188 (4.78) 
281 (7.14) 


( 
( 
375 (9.53) 
.375 (9.53) 


ee ees of 
+.031 ee +016 (0.41) Max ©,250 22a 8 35) 
Uninsulated Insulated 


Approximate 
Weight 
(Grams) 


ae, 


406 


( 
( 
( 
(10.31 


“For insulated style, the nonshrinkable sleeving extends .016 inch minimum, .062 inch maximum beyond each end of the case; shrinkable sleeving 


laps over the ends of the case. 
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SERIES 40LW 


industrial Type Tantalum Capacitors 


impedance DC Leakage Change in Percent Part Number 
+125°c | —55°c | +125°C +10% 


40LW306A006K1A 
40LW686A006K1A 
40LW147B006K1A 
40LW277B006K1A 
40LW337CO06K1A 
40LW567CO06K1A 
40LW128D006K1A 


VST ENSICKSI(S) 


40LW256A008K1A 
40LW566A008K1A 
40LW127B008K1A 
40LW227B008K1A 
40LW297CO08K1A 
40LW437C008K1A 
40LW857D008K1A 


OCONTDOOCO 


A 8 
A 8 
B 8 
B 8 
C 8 
C 8 
D 8 


40LW206A010K1A 
40LW476A010K1A 
40LW107B010K1A 
40LW187B010K1A 
40LW257C010K1A 
40LW397C010K1A 
40LW757D010K1A 


S@) Ol) i a>7> 


40LW156A015K1A 
40LW336A015K1A 
40LW706B015K1A 
40LW127B015K1A 
40LW177CO15K1A 
40LW277C015K1A 
40LW547D015K1A 


Sista (Se Sie 


S@)(@y a5) (e0) p= = 
Onmn- a+ 


40LW106A025K1A 
40LW226A025K1A 
40LW107B025K1A 
40LW187C025K1A 
40LW357D025K1A 


Sooo © 


VUOWYrSYS 
Sn) eae 
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SERIES 40LW 


Industrial Type Tantalum Capacitors 


gattaet, | Mex ipatnce 
impedance DC Leakage Change in Percent Part Number 
+25°C | +85°C | +125°C +125°C 10% 
@ 2 


40LW805A030K1A 
40LW156A030K1A 
40LW406B030K1A 
40LW686B030K1A 
40LW107CO30K1A 
40LW157CO30K1A 
40LW307D030K1A 


ONONWDWYrS 


40LWSO0S5A050K1A 
40LW106A050K1A 
40LW256B050K1A 
40LW476B050K1A 
40LW606CO50K1A 
40LW826CO50K1A 
40LW167D050K1A 


DVONDWYrLYS 


40LW405A060K1A 
40LW825A060K1A 
40LW206B060K1A 
40LW396B060K1A 
40LWS5S06CO60K1A 
40LW686CO60K1A 
40LW147D060K1A 


A 
A 
B 
B 
C 
Cc 
D 
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40LW355A075K1A 
40LW685A075K1A 
40LW156B075K1A 
40LW336B075K1A 
40LW406C075K1A 
40LW566C075K1A 
40LW117D075K1A 


VDONONWDWOYrS 


40LW255A100K1A 
40LW475A100K1A 
40LW116B100K1A 
40LW226B100K1A 
40LW306C100K1A 
40LW436C100K1A 
40LW866D100K1A 


QVONOQNDWOYr> 


40LW175A125K1A 
40LW365A125K1A 
40LW905B125K1A 
40LW146B125K1A 
40LW186C125K1A 
40LW256C125K1A 
40LW566D125K1A 


QVONWUWLY>Y 
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SERIES 40SW 


Tantalum-To-Glass Hermetic Seal 


Tantalum Capacitor 


DESCRIPTION 


Philips Components 40SW type tantalum capaci- 
tors offer the “leak-proof” integrity of a tantalum- 
to-glass hermetic seal. This construction assures 
operational capability in space or deep ocean- 
ographic environments where dependability is 
required for tens of thousands of storage or 
operating hours. A product of Philips Components 
research and development, the 40SW type meets 
or exceeds the requirements of Mil-C-39006. 
Available in four case sizes with operation to 125°C. 
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FEATURES 
= TANTALUM-TO-GLASS SEAL 


=# THIXOTROPIC ELECTROLYTE 
# SINTERED ANODE 

= TANTALUM CAPACITOR 

= POLAR 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 


a 


————— 


SERIES 40SW 


Industrial Type Tantalum Capacitors 


TANTALUM-TO-GLASS HERMETIC SEAL . 


CONSTRUCTION. The 40SW type uses the time proven 
patented construction of the 40 LW type enclosed in a silver case to 
provide ruggedness and then hermetically sealed using tantalum- 
to-glass seals. 


OPERATING TEMPERATURE RANGE. The 40SW type is 
processed and constructed to withstand continuous operation at 
rated voltage from -55 C C to +85 C, and with proper derating, to 
125 C. See Table 1. 


D.C. WORKING VOLTAGE. The D.C. working voltage is the 
maximum operating voltage for continuous duty at the rated 
temperature. See Table 1. 


SURGE VOLTAGE. The surge voltage is the maximum voltage 
capacitors can withstand for short duration under any conditions. 
This includes transients and peak ripple at the highest line voltage. 
See Table 1. 


TABLE | 
Operating Surge Operating Operating Surge 
55Cto85C -55Cto8s5C 85 € to 125 C 123 125 C 
6 6.9 Linear derating 4 46 
8 9.2 applies from 85 C 5 5). if 
10 Ws operating voltage 7 8.0 
15 WAZ shown to 125 C 10 RS 
20 23.0 operating voltage ks: 15.0 
25 28.8 shown. 15 We 
30 SAS 20 ZS) (0) 
85 40.2 24 28.0 
50 Ss 30 34.5 
60 69.0 40 46.0 
TES 86.2 50 2 
100 als 70 80.5 
125 144 85 97.5 


CAPACITANCE. Capacitance measurements shall be made at 
120 Hz with 1.00 VRMS max. and 2.2 VDC max. applied at a 
temperature of 25 C. 


CAPACITANCE TOLERANCE. 40SW type capacitors are avail- 
able in 20%, 10% and +5% tolerance. 


DISSIPATION FACTOR. Measurements shall be made by the 
bridge method at a frequency of 120 Hz with 1.0 VRMS max. and 
2.2 VDC max. applied at a temperature of 25°C. Values shall not 
exceed those shown for each rating shown in table. 


LEAKAGE CURRENT. Measurements shall be made at rated 
working voltage at 25 C +5 with an application of a steady source 
of power, such as a regulated power supply with a 1000 ohm 
resistance to limit the charging current, connected in series with 
each capacitor under test. Rated working voltage shall be applied to 
capacitors for 5 minutes before making leakage current 
measurements. 


IMPEDANCE. The impedance of any capacitor, at -55 C and 
120 Hz, shall not exceed the values given in the table for each 
capacitor. 


HIGH FREQUENCY VIBRATION. Capacitors shall withstand 
vibration from 10 to 2000 cycles at 20g without internal damage. 
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FOR 125°C APPLICATIONS 


Electrical measurements made while under these conditions shall 
show no intermittent open or short circuit. 

Capacitors shall be securely fastened by means of suitable 
component clips or brackets. 


LEAD PULL AND BEND TEST. Leads shall withstand a tensile 
stress of 3 pounds applied axially for 30 seconds. Leads shall meet 
the bend test requirement of Mil-C-39006. 


MOISTURE RESISTANCE. Capacitors shall withstand the 
moisture resistance cycling test specified in MIL Standard 202C, 
Method 106A, without departure from the original limits of capaci- 
tance, equivalent series resistance and leakage current. 


SHELF TEST. Capacitors shall withstand a 2000 hour shelf test 
at 125 C with no voltage applied. 

Following the shelf test, the capacitance shall not have changed 
by more than +5% from the initial value and the leakage current and 
equivalent series resistance shall not exceed the values given in the 
table for each capacitor. 


THERMAL SHOCK AND IMMERSION. Capacitors shall with- 
stand the thermal shock immersion tests specified in MIL Standard 
202C, Method 107, test condition B, except that the low tempera- 
ture shall be -55 C and Method 104A, test condition B, respectively, 
without departure from the original limits for capacitance, equivalent 
series resistance and leakage current. 


REDUCED PRESSURE. Capacitors shall be stabilized at a 
reduced atmospheric pressure of 1.69 X 10°' Torr. fora period of 5 
minutes. Rated dc voltage shall be applied for 1 minute. Capacitors 
shall not flash over nor shall end seals be damaged by this test nor 
should the capacitors be electrically effected insofar as capaci- 
tance, equivalent series resistance, or leakage current is 
concerned. 


SEAL TEST. Capacitors shall withstand 5 temperature altitude 
cycles without showing evidence of electrolyte leakage when 
checked with electrolyte indicating thymol blue dye. Each cycle 
shall consist of a 60 minute exposure at -55 C with the last 30 
minutes at 1.69 X 10! Torr. and a 60 minute exposure to +125°C 
with the last 30 minutes at 1.69 X 10°! Torr. 


MARKING 

Capacitors will be marked with Philips Components part marking Type 
SW, rated capacitance and tolerance, rated dc voltage and date code 
where space permits. 


APPLICATION NOTES 


The 40 SW type exceeds the requirements of MIL-C-39006 
and can be used as direct replacement for these types where Mil 
Spec QPL product is NOT required. 


The 40SW type utilizes the basic time proven integral seal of the 40LW 
tantalum capacitors covered by a hermetic tantalum-to-glass seal. This 
will enable the 40SW type to operate under extreme conditions of altitude 
(150,000 ft.) or pressure (26,000 Ibs./IN) without seal damage or evidence 
of electrolyte leakage. 


CONSULT THE PHILIPS COMPONENTS SALES DEPARTMENT FOR 
ENGINEERING ASSISTANCE ON THE FOLLOWING: 


NON STANDARD RATINGS. Ratings and electrical limits other than 
those shown in the tables are available on special request. 


EXTREME TEMPERATURES. Under special conditions the 40SW 


type may be operated or stored at temperatures exceeding the specified 
range. 
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SERIES 40SW 


Industrial Type Tantalum Capacitors 


TANTALUM-TO-GLASS HERMETIC SEAL « FOR125°C APPLICATIONS 


PART NUMBER SYSTEM 


EXAMPLE 4 O S W ES A 070 K 1 A 


b INDUSTRIAL 


O = UNSLEEVED 
1 = SLEEVED 


CAPACITANCE TOLERANCE 
J=+5% K=+10% M=+20% 


VOLTAGE RATING @ 85 C 
CASE SIZE 
CAPACITANCE IN PICOFARADS 
First two digits are significant figures 
Third digit number of zeros to follow. 
255 = 2.5 uF 
256 = 25 uF 
WET ELECTROLYTE 
SERIES 


AXIAL LEAD 


s10zede?) winjezuel 0 


TANTALUM CAPACITOR 


D/2 L WELD 
(+.031) 
E 
a -025+.002 


CASE 
CIRCUIT DIAGRAM 


DIMENSIONS FOR 40SW TYPE—INCHES (mm) 


Approximate 
D~+0.016 L + 0.031(0.79) L Max D +.002 (0.05) E +0.25 Weight 
(+0.41) L —0.016 (0.41) (+6.35) (Grams) 


0.453 (11.5) 0.025 (0.64) 1.50 (38.10) 1.2 GRAM 


( 
0.641 (16.3) ; 0.025 (0.64) PAPAS) (SV fas) 3.1 GRAM 
0.766 (19.5) : 0.025 (0.64) | 2.25 (57.15) 5.8 GRAM 
1.062 (27.0) 0.025 (0.64) 2.20 (97.19) 9.0 GRAM 
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SERIES 40SW 


Industrial Type Tantalum Capacitors 


Max uA Max. Capacitance 
DC Leakage Change in Percent Part Number 


40SW306A006K1A 
40SW686A006K1A 
40SW147BO06K1A 
40SW277BO006K1A 
40SW377CO06K1A 
40SW567CO06K1A 
40SW128D006K1A 


MR DDAOO 
COUN Orsi 
SVS) S) SS) 


40SW256A008K1A 
40SWS66A008K1A 
40SW227B008K1A 
40SW437CO008K1A 
40SW857D008K1A 


ADM -— -—- — 


MISS C) GOSege 


40SW206A010K1A 
40SW476A010K1A 
40SW107B010K1A 
40SW187B010K1A 
40SW257C010K1A 
40SW397C010K1A 
40SW757D010K1A 


HPN —] — + 


40SW156A015K1A 
40SW336A015K1A 
40SW706B015K1A 
40SW127B015K1A 
40SW177C015K1A 
40SW277C015K1A 
40SW547D015K1A 


3 
3 
5 
: 
C) 
3 
& 
o. 
: 
) 


SISSIES 


40SW106A025K1A 
40SW226A025K1A 
40SW107B025K1A 
40SW187C025K1A 
40SW357D025K1A 


40SW805A030K1A 
40SW156A030K1A 
40SW406B030K1A 
A0SW686B030K1A 
40SW107C030K1A 
40SW157CO30K1A 
40SW307D030K1A 


S)N(S)(S)(S) SS)S) 


A 
A 
B 
B 
Cc 
Cc 
D 
A 
A 
B 
C 
D 
A 
A 
B 
B 
C 
Cc 
D 
A 
A 
B 
B 
C 
Cc 
D 
A 
A 
3) 
Cc 
D 
A 
A 
B 
B 
Cc 
Cc 
D 
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SERIES 40SW 


Industrial Type Tantalum Capacitors 


Max uA Max. Capacitance 
DC Leakage Change in Percent Part Number 
2.0 +5 + 6 40SW505A050K1A 
40SW106A050K1A 
40SW256B050K1A 
40SW476BO050K1A 
40SW606CO50K1A 


40SW826CO050K1A 
40SW167D050K1A 


Cn nhy — + + 
SI = i les feo H(e>/iao} 


40SW405A060K1A 
40SW825A060K1A 
40SW206B060K1A 
40SW396B060K1A 
40SWS506CO60K1A 
40SW686CO060K1A 
40SW147D050K1A 


QVONQNDWDrFrYF DONONWWSY>YS 


Oa 
SVS) (Sole) 


40SW355A075K1A 
40SW685A075K1A 
40SW156B075K1A 
40SW336B075K1A 
40SW406C075K1A 
40SW566C075K1A 
40SW117D075K1A 


Onn - +--+ — 
SKS (OMS (SKeVKS 


40SW255A100K1A 
40SW475A100K1A 
40SW116B100K1A 
40SW226B100K1A 
40SW306C100K1A 
40SW436C100K1A 
40SW866D100K1A 


su0ojede? winje,uel Od 


t+t+t+4+4¢4+ 


— 
MoNNNNNN 


on 
t+++++4++4 


Orn - + + = 
Sessa) 
—_ 

1 © 0 0 MO 


40SW175A125K1A 
40SW365A125K1A 
40SW905B125K1A 
40SW146B125K1A 
40SW186C125K1A 
40SW256C125K1A 
40SW566D125K1A 


++++4+4+4++4+ 


OANNNNANAN 
t++++HtH+ 


—_ 
oo © © OOo 


A 
A 
B 
B 
C 
C 
D 
A 
A 
B 
B 
Cc 
Cc 
D 
A 
A 
B 
B 
C 
C 
D 
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SERIES 40TW 


Tantalum Case Hermetically Sealed 
Tubular Tantalum Wet-Slug Capacitor 


DESCRIPTION 


The 40TW capacitor is an all tantalum cased 
high reliability porous anode type with a glass to 
tantalum hermetic seal. This type capacitor is 
primarily suited for military and aerospace appli- 
cation. This capacitor meets or exceeds all 
requirements of MIL-C-39006/22. 

These capacitors are ideal for such functions as 
filtering, by-passing, coupling and timing in appli- 
cations where minimum size and weight conditions 
must be achieved and reverse voltage up to 
3VDC, or high ripple currents, are required. 


_GLASS-TO-TANTALUM SEAL 


- The glass-to-tantalum seal is one unique feature 
of the 40TW Series. This seal differs from other 
hermetic seals in that it is a tantalum feed-through 
seal. This construction provides a true glass- 
to-tantlum seal. 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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—55°C to 200°C 1.7 to 1200 uF 
4-125 Volts DC 


TANTALUM CASE 


Use of a tantalum case and tantalum powder 
cathode permits 3VDC reverse capability without 
harm; and the sintered powder cathode allows 
higher vibration and shock levels than compar- 
able silver cased devices. 


FEATURES 


w All tantalum construction 

m@ Reverse voltage capability of 3VDC 
@ High ripple current 

@ Long life 

@ Derated for 200°C operation 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


DIMENSIONS 
OUTLINE DRAWING 


No. 21 Awg. solderable D~ 0.031" 


| ble 
Le leads rt No. 21 Awg. soldera 
Be 0094 
max 


leads 
i ig ee max 
ie +1 


Lo 
Oi | 4 0.250" max bel" 
FIG 1 UNINSULATED 


FIG.2 INSULATED 


OUTLINE DIMENSIONS 


Dimensions — Inches (mm) 
Case Code 
case case 
Type MIL (Was 
40TW Equiv. .031 (.79) 
.016 (.41) -016 (.41) 


E 


-250 (6.35) 


A T1 453 (11.51) | 188 (4.78) |.219( 5.56)} 1.500 (38.10) | . 
B Ti2 641 (16.28) | 281 (7.14) |.312( 7.92)]2.250 (57.15) | . 
C¢ T3 766 (19.46) | £75 (9.53) |.406 (10.31) ]2.250 (57.15) ]. 
D T4 | 1.062 (26.97) | .375 (9.53) |.406 (10.31) |2.250 (57.15) 


“Length of basic case; sleeving shall lap over the ends of the capacitor body. Non-shrink 


sleeving extends 016 inch minimum, O62 inch maximum beyond each end of the case 


STANDARD RATINGS 


Max. 
Impedance 
at —55°C 


Case and 120 Hz 
uF Code Catalog Number « (Q) 
A 40TW306A006KIA 
A 40TW686A006KIA 
B 40TW147BO006KIA 
B 40TW277B006KIA 
C 40TW337CO06KIA 
C 40TW567CO06KIA 
D 40TW128D006KIA 


40TW256A008KIA 
40TWS66A008KIA 
40TW127B008KIA 
40TW227B008KIA 
40TW297CO08KIA 
40TW437CO008KIA 
40TW857D008KIA 


OTW206A010KIA 
OTW476A010KIA 
OTW107BO10KIA 
OTW187BO10KIA 
OTW257CO10KIA 
OTW397CO10KIA 
40TW757D010KIA 


FPHH Hf HP LS 


Si GG) 70! Gols 2S 


40TW1S6A015KIA 
40TW336A015KIA 
40TW706B015KIA 
40TW127BO15KIA 
40TW177CO15KIA 
40TW277CO15KIA 
40TW547D015KIA 


TW106A025K IA 
TW226A025KIA 
TW506B025KIA 
TW107B025KIA 
TW127C025KIA 
TW187C025KIA 
TW357D025KIA 


SSeS ea (os SS) 


Max. D-C 
Leakage Current 


6 VOLTS D-C AT 85°C, 4 VOLTS D-C AT 125°C 


Maximum 
Capacitance Change 

at 85°C in Percent at 

& 125°C 


ea 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


Max. D-C 
Max. 
Impedance Leakage Current | 
at —55°C 
and 120 Hz 


Maximum 
Capacitance Change 
in Percent at 


30 VOLTS D-C AT 85°C, 20 VOLTS D-C AT 125°C 


Max. RMS 
Ripple Current 
At 40 KHz 
(mA) 


Case 


uF Code Catalog Number * 


40TW805A030KIA 
40TW1S6A030KIA 
40TW406B030KIA 
4A0TW686B030KIA 
40TW107CO30KIA 
40TW157CO30KIA 
40TW307D030KIA 


40TWSO5A050KIA 
40TW106A050KIA 
40TW256B050KIA 
40TW476B050KIA 
A0TW606COSOKIA 
40TW826CO50KIA 
40TW167D050KIA 


oO CO OO MN Co 
Sits 3 Oe af 4 ayit | 


A0TW405A060K IA 
40TW825A060KIA 
A0TW206BO60KIA 
40TW396B060KIA 
A0TWSO6COGOKIA 
40TW686CO60KIA 
40TW147D060KIA 


40TW355A075KIA 
40TW685A075KIA 
40TW156B075KIA 
40TW336B075KIA 
40TW406C075KIA 
40TWS66C075KIA 
40TW117D075KIA 


40TW255A100KIA 
40TW475A100KIA 
40TW116B100KIA 


40TW226B100KIA 
40TW306C100KIA 
4A0TW436C100KIA 
40TW866D 100K IA 


4O0TW175A125KIA 
3.6 40TW365A125KIA 
9 40TW905B125KIA 
14 40TW146B125KIA 
18 40TW186C125KIA 
25 40TW256C125KIA 

40TW566D125KIA 


talog numbers listed are for +10% capacitance tolerance and are for insulated capacitors. 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


1. Operating Temperature Range. These capacitors are | 


designed to operate over a temperature range of - 55°C 
to + 125°C/200°C at the appropriate voltage rating given 
in. Pataanit. 


2. DC Working Voltage. The dc working voltage is the 
maximum operating voltage for continuous duty at the 
rated temperature. 


Up to 85°C 125°C 17 5-C 200°C 

6 4 * * 

8 5 * * 
10 a : “ 
ike 10 a 
25 ike) 4 
30 20 i 
50 30 E 
60 40 3 
75 50 ‘ . 
100 65 . * 
1209 85 ‘ ‘ 


*Ref. Paragraph 17 for the derating percentages and the 
associated life test. 


3. DC Leakage Current. Measurements shall be made at 
the applicable rated working voltage at 25°C +5°C 
through application of asteady source of power, suchasa 
regulated power supply. A current limiting resistor of 
1000 ohms shall be connected in series with each ca- 
pacitor under test. Rated DC working voltage shall be 
applied for a maximum period of 5 minutes before mak- 
ing leaking current measurements. 


3.1 The maximum leakage current values are as listed 
in the standard ratings table. 


4. Capacitance and Tolerance. The capacitance of all 
capacitors shall be within the specified tolerance limits of 
the nominal rating. 


4.1 Measurements shall be made by the bridge method 
at or referred to a frequency of 120 Hz at a temperature 
of +25°C. The maximum voltage applied to the ca- 
pacitors during measurements shall be 1 volt rms. Mea- 
surement accuracy of the bridge shall be within * 2%. 


5. Dissipation Factor. Measurements are made with a 
polarized capacitance bridge at a frequency of 120 Hz at 
a temperature of + 25°C. 


6. Capacitance Change with Temperature. Capacitance. 


change with temperature shall not exceed the limits 
given in the standard ratings table. 
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7. Low Temperature Impedance. The impedance of any 
capacitor at ~55°C at 120 Hz shall not exceed the 
values given in the standard ratings table. 


8. Mechanical Shock. Capacitors shall withstand a shock 
of 100g when tested in accordance with method 213 of 
Military Standard MIL-STD-202, test condition |. 


8.1 Following the shock test, capacitors shall be ex- 
amined for evidence of Wiaarolaiie damage and leakage 
of electrolyte. 


9. High Frequency Vibration. Capacitors shall withstanc 
vibration from 10 to 2000 Hz at 20g without internal 
damage when tested in accordance with Military Standard 
MIL-STD-202, method 204, test condition D. Electrical 
measurements made while under these conditions shall 
show no intermittent contacts or open or short circuiting. 


9.1 Following the vibration test, the dc leakage current 
shall not exceed 125% of the original requirement; the 
capacitance shall change not more than ~5% from the 
initial measured value and the DF shall not exceed 115% 
of initial requirement. 


9.2 Inaddition, there shall be no evidence of mechanical | 
damage, obliteration of marking, or leakage of electrolyte. 


10. Pull Test. Leads shall withstand a tensile stress of 3 
lbs. for 30 seconds applied axially in accordance with 
MIL-STD-202, method 211 test condition A. 


11. Lead Bend Test. Leads shall meet the bend test 
specified in MIL-STD-202, method 211 test condition — 
C except that the number of bends shall be 4. 


12. Surge Voltage. The surge voltage rating is the max- 
imum voltage to which the capacitors shall be subjected 
under any conditions. This includes transients and peak 
ripple at the highest line voltage. The surge voltage of 
these capacitors is 115% of rated de working voltage. — 


12.1 The capacitors shall withstand the surge voltage 
applied through a 1000 ohm +10% resistor in series 
with the capacitor and voltage source at the rate of 
minute on, 4% minutes off, for 1000 successive test. 
cycles at 85°C. 


12.2 Following the surge voltage test, there shall be no 
intermittent contacts, open or short circuiting, mechan= 
ical damage, or leakage of electrolyte. 


13. Moisture Resistance. Capacitors shall be subjected 
to the moisture resistance cycling test specified in MIL 
STD-202, method 106. 


SERIES 40TW 


industrial Type Tantalum Capacitors 


PERFORMANCE CHARACTERISTICS 


13.1 Following the moisture resistance test, the dc leak- 
age current shall not exceed 125% of the original require- 
ment; the capacitance shall change not more than +8% 
from the initial measured value and the DF shall not ex- 
ceed 115% of initial requirement. 


14. Seal Test. Capacitors shall be tested in accordance 
with MIL-STD-202, method 112, test condition C, proce- 
dure Illa, 10° atm cc/sec followed by test condition A. 


15. Reverse Voltage Test. Capacitors shall be subjected 
to adc potential of 3 volts, applied in the reverse polarity 
direction, for 125 +10 hours. The ambient temperature 
during the test shall be +85°C. Capacitors shall be main- 
itained at + 85°C and dc rated voltage shall be applied in 
the forward direction for an additional period of 125 +10 
hours. 


15.1 Following the reverse voltage testing, the dc leak- 
age current shall not exceed 125% of the original re- 
quirement; the capacitance shall be within the initial 
value specified and the DF shall not exceed the original 
requirements. 


'16. Ripple Life Test at + 85°C .Capacitors shal! be tested 
in accordance with Military Specification MIL-C-39006. 
'a. Operating Conditions. This test shall be run at a fre- 
iquency of 40 KHz + 2 KHz and at the rms ripple cur- 
rent levels specified in the standard ratings table. 
\b. Applied dc voltage plus the peak a-c voltage shall 
|not exceed the rated voltage of the capacitor. 


|16.1 When tested as specified above, capacitors shall 
|meet the following requirements: a. The dc leakage cur- 
irent at +25°C and at +85°C shall not exceed the 
| Original requirements. b. The capacitance shall not change 
imore than +10% from the initial measured value. c. The 
DF shall not exceed the original requirements. d. Visual 
|examination. There shall be no damage, obliteration of 
i|marking, or leakage of electrolyte. 


17. Life Test. Capacitors are capable of withstanding life 
itest at the following conditions: 


Temperature Hrs. % Rated Voltage 
roo CC 2000 100* 
OG 2000 100* 

Se tiooG 2000 50 
do G 300 65 
1200; C 300 60 


*Refer to the standard ratings table. 


Philips Components ° 5900 Australian Avenue « West Palm Beach, FL 33407° (407) 863-1800 ° FAX: (407) 863-1811 


17.1 After life test and for those tested at +85 and/or 
+125°C, the capacitors shall be returned to +25°C +5°C. 
The dc leakage current, measured at +25°C, +85 and/or 
1 125°C, shall not exceed the initial requirement; the DF 
shall not exceed the initial requirement; and the capaci- 
tance value shall not change more than 10% from the 
initial measurement. 


17.2 After life test and for those tested at +175°C and 
+ 200°C, the capacitor shall be returned to +25°C £5°C. 
The dc leakage current at the rated voltage shall not ex- 
ceed 200% of the original requirement or £10 ua, which- 
ever is greater; the DF shall not be greater than 200% 
of the original requirement; and the capacitance value 
shall not increase by more than 10% or decrease by more 
than 20% from the initial requirement. 


17.3 Not more than 1 failure shall be permitted in 12 
units tested. 


18. Barometric Pressure (reduced). Capacitors shall be 
tested in accordance with MIL-STD-202, method 105, 
test condition E. Rated dc voltage shall be applied for 1 
minute +5 seconds. 


18.1 Following Barometric Pressure test, capacitors 
shall be visually examined for harmful deformation of the 
case, mechanical damage, obliteration of marking, leak- 
age of electrolyte and indications of flashover and break- 
down. 


19. Thermal Shock. Capacitors shall be subjected to 300 
cycles in accordance with MIL-STD-202, method 107 
and MIL-C-39006. 


19.1 Following the thermal shock test, dc leakage current 
shall not exceed 200% of the initial requirement, ca- 
pacitance shall not have changed more than +5% from 
initial measured value and DF shall not exceed 115% 
of initial specified value. 


20. Marking. Capacitors shall be marked with Philips Compo- 
nents part marking number (TW), rated capacitance and toler- 
ance, rated dc working voltage and the standard Eia Date code 
of manufacture 


21. Polarity. Polarity shall be indicated by plus (+) signs 
adjacent to the positive terminal. 


22. Insulation. When an insulated device is required, the 
insulating material will be KAPTON. 


345 


ot 
% 
= 
5 
: 
C) 
3 
” 
g. 
5 
7) 


ssozoede? winjezuel O 


SERIES 40TW 


industrial Type Tantalum Capacitors 


RIPPLE CURRENT MULTIPLIERS VS. FREQUENCY, 
TEMPERATURE & APPLIED PEAK VOLTAGE 


Frequency of 
applied keer atte eels | Hz 
ripple current aT °C Ey 


Ambient 105° 7 125° mop WANS 55° W851 10527) 125° 55° 185° 
still 

air 

00% 7 43 2 


peak voltage 


ey 
l 125°C the rated voltage of the capacitors decreases to 66-2/3% of the 85°C rated voltage 
us peak of the applied ac rippie voltage plus the applied dc voltage Guat not exceed the dc voltage rating of the capatitor either forward or reverse 


The ripple current listed in table | represents a rating calculated using a maximum internal temperature rise (AT) of 50°C at 40 kHz at 85°C ambient with a maximum peak rated voltage of 66-2/3° of the 
85°C peak voltage rating 


The maximum allowable internal temperature rise (AT) decreases linearly to a calculated 10°C rise at 125°C ambient 
The internal temperature rise is directly proprotional to the ESR of the capacitor. and ESR increases with decreasing frequency 


w+ 


TYPICAL CURVES 


Impedance 

A. Impedance in ohms at 25°C may be read directly from 
Curve 1. 

B. To obtain impedance at temperatures other than 25°C, 
multiply the impedance from Curve 1 by acorrection factor 
from Curve 2, 3, or 4. 


IMPEDANCE FOR TANTALUM WET SLUGS TYPICAL ESR VS. FREQUENCY AT 25°C 
AT 25°C 


NO. 1 


Si se ee 
n meet ame rote gs eS scone! 
= mili 20a iige t PBR preees tet 
—) aes ” 18 [ f | { rH HHH ie orl ce ime 
8 Setiiies = we ' £20 ut iy sesrrreae ae tH cccames i= 
= menu =) 12 yea gn neler es +e oe 
Pale THI | ith ans 
2 en Fe ou iP if ipa Ah 
= 8 100 uf 25v-2 411} 111 tt { 
= i [ 850 yf 8V-4- T + 
“~ i. 
fe ie ser) uf 125V-4 - ig 
0.1 HS 0° Te ae are eal if fl I nie THT re 
100 1000 10,000 100,000 
| er FREQUENCY-HERTZ 
0.01 
60 100 1000 10K 100K 1MC 10MC —_100MC 


FREQUENCY-HERTZ 
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SERIES 40TW 


Industrial Type Tantalum Capacitors 


WET SLUG IMPEDANCE CORRECTION FACTORS 
UP TO 5 uf 
NO. 2 


FACTOR 


FREQUENCY-HERTZ 


WET SLUG IMPEDANCE CORRECTION FACTORS 
FOR CAPACITANCE 5-100 ,:f 


NO. 3 


FACTOR 


0 
60 100 1KC 10KC 100KC 


FREQUENCY-HERTZ 


HOW TO SPECIFY 


Series 40TW can be specified using the following designation: 


4 0 VU 


Tantalum 
Capacitor 


Axial Lead 


Series 


WwW 225 


Wet Slug 


A 


Case Size 


Capacitance 


in (pF) 
First two digits 


are 


significant figures 
Third digit numbers 


of zeros to foll 


OW 


225 = 2.2Q”nF 


226 = 22uF 


WET SLUG IMPEDANCE CORRECTION FACTORS 
FOR CAPACITANCE 100 if 
AND ABOVE INCLUDING PACKAGES 
NO. 4 


FACTOR 


60 100 1K 10K 
FREQUENCY-CPS 


075 


Industrial 


O = Unsleeved 
| = Sleeved 


Capacitance 
Tolerance 
Jl=a2 5% 
A = 22 10% 
M = +20% 


Voltage Rating 
@ 85°C 
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SERIES 43XW 


Hermetic Cylindrical 


Case Tantalum Capacitor 


DESCRIPTION 


Philips Components Series 43XW offer varied 
Capacitance and voltage ratings and have the 
inherent electrical and physical environmental 
stability of the sintered anode-gelled electrolyte 
construction. 


All 43XW Series capacitors are hermetically sealed 
and meet or exceed the requirements of Mil-C-3965 
and Mil-C-39006. 


Because of the rugged construction and extreme 
purity of the sintered tantalum anodes used in the 
capac ‘or elements, the 43XW Series will operate 
reliably from —55°C to +125°C. 


FEATURES 

= MODULES 

= HERMETICALLY SEALED 
= +125°C OPERATION 

= 20V TO 630V RATINGS 

= 3.5 uf TO 1300 uf 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 
CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 


INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 43XW 


Industrial Type Tantalum Capacitors 


APPLICATIONS 


REVERSE VOLTAGE 


43XW capacitors are not recommended for circuits where re- 
versals of any magnitude occur. 


DERATED VOLTAGE OPERATION 


Type 43XW may be operated at voltages less than the rated 
values designated. The reliability of operation increases, and long 
term degradation decreases. 


SPECIAL RATINGS & CONFIGURATIONS 


Many ratings of capacitance and voltage other than those shown 
are available. 


All 48XW capacitors function with the case negative (ground) and 
glass sealed terminal as positive. Reverse ground configurations 
are available but will carry special part numbers. 


For your special rating and configuration requirements, contact the 


Philips Components Sales Engineering Department. 


VIBRATION 


Capacitors shall withstand a simple harmonic motion having an 
amplitude of 0.03” (max. total excursion 0.06”) with the frequency 
being varied uniformly between the approximate limits of 10 to 55 
cycles and ratings to be transversed in approximately 1 minute fora 
total of 12 hours. 


Capacitors shall withstand vibration from 10 to 2000 cycles at 
15G without internal damage. Electrical measurements made while 
under these conditions shall show no intermittent open or short 
circult. 


CASE INSULATION 


When specifying case insulation, add 0.031” to the H and D 
dimensions 


GENERAL SPECIFICATIONS 


OPERATING TEMPERATURE 


Philips Components 43XW type tantalum capacitors are designed to 
operate over a temperature range of —55°C to +85°C without derating. 


Operation up to 125°C is also permissible with proper derating. 


DC WORKING VOLTAGE 


The DC working voltage is the maximum operating voltage for 
continuous duty at the rated temperature. 


DC LEAKAGE 


Measurements shall be made at rated working voltage with an 
application of a steady source of power, such as aregulated power 
supply with a 1000 ohm resistance to limit the charging current, 
connected in series with each capacitor under test. Rating working 
voltage shall be applied to capacitors for 5 minutes before making 
leakage current measurements. 


CAPACITANCE 


Will be measured by the bridge method with a 120 Hz 0.6 VRMS 
and 2.0 VDC bias applied. 


SURGE VOLTAGE 


The surge DC rating is the maximum voltage to which the capacitors 
should be subjected under any conditions. This includes transients and 
peak ripple at the highest line voltage. The surge voltage of all Philips 
ae ponents 43XW type tantalum capacitors is 115% of rated DC working 
voltage. 


45)5) tots) 125 € 

Rated Surge Rated 

20 23 WHS 
30 34.5 25 
60 69 50 
90 103 80 
180 207 160 
270 BuO) 240 
360 415 320 
450 517 400 
540 620 480 
630 UES 560 


POWER FACTOR 


Will be measured by the bridge method with a 120 Hz 0.6 VRMS 
and a 2.0 VDC bias applied. 


IMPEDANCE 


Measured at -55 with a 120 Hz signal. The value shall not exceed 
that specified in the table for each rating. 
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SERIES 43XW 


industrial Type Tantalum Capacitors 


DC Leakage Current Maximum Capacitance 
(Max) Impedance Change Percent — 
Microamperes Ohms (Max) Referenced to as 25 C Part Number 
TZ20Hz -55)C 
10 43XW107A020KOAE 
eal 10 50 US 30 -60 ilo +20 43XW107A020KOAF 
200 20 36 16 80 120 20 -60 Gralla) +20 43XW207 BO2Z0KOAE 
36 16 80 120 20 -60 ill +20 43XW207 BOZOKOAF 
TKS) 30 875 540 15 1 55 82 45 -45 ae IS +10 43XW756A030KOAE 
875 540 US) 1 5o 82 45 -45 Al's +10 43XW756A030KOAF 
150 30 875 732 29 13 90 13S 30 -45 3 IS) +10 43XW157BO30KOAE 
875 UE 29 lis 90 W'S 30 -45 a Iss +10 43XW 157 BOSOKOAF 
370 30 WAS 600 BS) 18 125 170 15 1815) a 2A0) 5525) 43XW377PO30KOAE 
2s 600 3e) 8 125 170 15 -65 +20 oo 43XW377PO030KOAA 
650 30 Writes) 1.100 60 21 145 202 15 -85 +20 mS) 43XW657ROSOKOAE 
ees W100 60 ay 145 202 ks) 85 +20 AS) 43XW657ROSOKOAA 
1300 30 ies) 1.100 83 Zip 190 282 10 -85 ae 0) eS 43XW138RO30KOAE 
Wl25 1.100 83 aif 190 282 10 1835) +20 +25 43XW138RO30KOAA 
a 40 60 875 540 8.2 12 60 90 65 Go +10 +10 43XW 406 AO60KOAE 
a | 875 540 8.2 We 60 90 65 x35) +10 lO) 43XW 406 AO60KOAF 
cad 80 60 875 U2 16 19 go 142 | 35 =85 +10 +10 43XW806 BO6OKOAE 
gy 875 132 16 19 35 142 | Sis) =85) +10 +10 43XW806BO6OKOAF 
> 200 60 LZ 600 22 19 ikS¥s} 1820) 30 +530) +20 reo 43XW207POGOKOAE 
g WAS 600 22 i) 135 eZ. | 30 5319) hee Zo) 43XW207PO60KOAA 
3 350 60 Palies 1.100 Sih 22 los Pio | PS) -70 +20 aS) 43XW357RO6OKOAE 
WZ) 1.100 Si 22 9S 210 29) 70 +20 ar 25) 43XW357RO6OKOAA 
?) 700 60 WAS 1.100 62 eo 200 Big iss -70 +20 5 =oXS) 43XW707ROGOKOAE 
% eles 1.100 62 29 200 21D 15 -70 +20 +25 43XW707RO6OKOAA 
xs) 25 90 875 540 Oy) 11 oo) 82 | 90 “39 Fran) +10 43XW256A090KOAE 
gy 875 540 S! 11 S15) 82 90 CO +10 5 V0, 43XW256A0S0KOAF 
+) 50 90 875 (32 10 18 90 sis 45 =35 +10 +10 43XW506 BOSOKOAE 
~t 875 rey © 18 90 HS 45 “Gls ae Ihe) tO 43XW506 BOSOKOAF 
ra) 120 90 WS 600 ice: 19 135 182 40 -40 AO} +25 43XW127PO90KOAE 
~ els 600 13 19 dS 182 40 -40 +20 eS: 43XW127PO90 KOAA 
7) 220 90 Wes: 1.100 24 21 145 202 | 30 -60 +20 aeV45) 43XW227ROSOKOAE 
Wil2s 1.100 24 2| 145 202 | 30 -60 co Teo 43XW227ROSOKOAA 
450 90 Ve NAS) 1.100 45 29 195 ZWS PAS -60 +20 ao) 43XW457ROSOKOAE 
Wales) 1.100 45 29 195 ao | BS) -60 +20 4925) 43XW457 ROQSOKOAA 
12 180 875 920 on 1 2)5) 82 180 Seto) +10 +10 43XW126C180KOAE 
{SVS} 920 S), 1 i] 55 82 180 =6}9) a7 WG) sr 0 43XW126C180KOAF 
25 180 875 1.300 10 8 90 135 90 35 +10 stallO 43XW256E180KOAE 
875 1.300 10 18 90 HSS 90 “30 Sr lO) aml) 43XW256E1 80KOAF 
42 180 Ns) 976 10 18 90 135 90 -40 +20 se2S) 43XW426Q180KOAE 
Wlk2o 976 10 18 90 138 90 -40 +20 aS) 43XW426Q180K0OAA 
60 180 WAZ 976 is 9 SS 182 60 -40 +20 25 43XW606Q180KOAE 
ets) 976 3} 19 3S 182 60 -40 +20 3525) 43XW606Q180KOAA 
110 180 Weis J -Sicis} 24 21 145 202 60 -60 +20 Teo 43XW117U180KOAE 
le25 1.938 24 2) 145 202 60 -60 +20 eo) 43XW117U180KOAA 
230 180 We WS) 1.938 46 29 200 PAGS) 50 -60 +20 =F25) 43XW237U180KOAE 
WZS 1.938 46 29 200 275 50 -60 +20 Too 43XW237U180KOAA 
8 270 875 W270 Sil 1 S15) 82 270 “30 +10 se 0) 43XW805D270KOAE 
875 1.270 Sill! 11 1S) 82 270 3}S) salle) a IO) 43XW805D270KOAF 
16 270 SKS) 1.865 10 18 90 ise 1S =S5) +10 +10 43XW166G270KOAE 
875 1.865 10 18 90 135 135. =35 +10 +10 43XW 166G270KOAF 
28 270 WehZs 1.350 16 19 120 162 80 -40 a 20) eo 438XW286S270KOAE 
aes Nero) 16 ihe 120 162 80 -40 +20 eo 43XW286S270KOAA 
40 270 let 25 ecis®) Ze 9 WS 182 100 -40 +20 oo 43XW406S270KOAE 
112s 350 22 9 135. 182 100 -40 5-20) 52'S) 43XW406S270KOAA 
eS 270 VES 2.812 24 2) 145 202 90 60 +20 Teo 43XW756Y270KOAE 
WotZs BISN2 24 27 145 202 90 -60 +20 +25 43XW756Y270KOAA 
150 270 ies 2.812 45 28 195 ANS) (6S) -60 +20 +25 43KW157Y270KOAE 
Wes 2.812 45 28 195 ANS tS -60 s720) = eS) 43XW157Y270KOAA 
6 360 875 635 S40) ile) S)S) 2 360 735 Sa) tal©) 43XW605F360KOAE 
LYS 1.685 5.0 iN 55 82 360 =35 +10 32110 43XW605F360KOAF 
12 360 875 2.420 10 18 90 13S 180 335) +10 =r IO) 43XW126K360KOAE 
875 2.420 10 18 90 135 180 18S) a7 iO) +10 43XW 126K360KOAF 
22 360 1evZS 1.705 16 18 125 170 100 40 +20 eo 43XW226T360KOAE 
WeUtZ2S 11 OS 16 18 125 170 100 -40 +20 a5) 4A38XW226T360KOAA 
30 360 Wales 1.705 22 19 ISS 182 120 -40° +20 E25) 43XW306TS60KOAE 
Hea) EOS ae iS) 136 182 120 -40 a0) eo A3XW306T360KOAA 
5 45C 875 2.000 4.9 11 S\S) 82 450 =o5) tO +10 43XW505H450KOAE 
11 43XW505H450KOAF 
18 43XW 106M450KOAE 
18 43XW106M450KOAF 
18 43XW176V450KOAE 
18 43XW176V450KOAA 
19 43XW256V450KOAE 
19 43XW256V450K0AA 
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SERIES 43XW 


Industrial Type Tantalum Capacitors 


DC Leakage Current Maximum Capacitance 
(Max) Impedance Change Percent — 

Microamperes Ohms (Max) Referenced to as 25 C Part Number 
43XW405J540KOAE 
43XW405J540KOAF 
43XW805N540KOAE 
43XW805N540KOAF 
43XW 146W540KOAE 
43XW146W540KOAA 
43XW206W540 KOAE 
43XW206W540KOAA 
43XW355L630KOAE 
43XW355L630 KOAF 
43XW7050630KOAE 
43XW7050630KOAF 
43XW126X630KOAE 
43XW126X630KOAA 
43XW 186X630KOAE 
43XW 186X630KOAA 

*Other Ratings Readily Available 
PART NUMBER SYSTEM 
E 
eae ia pan 
A=CL18 
B= CHAN CEii7 
F = CLI16 
INDUSTRIAL 
= UNSLEEVED 
= SLEEVED 
CAPACITANCE TOLERANCE 
K=+10% M=+20% U=+75-15% 
VOLTAGE RATING @ 85 C TYPE AND CONFIGURATION 
Top View Side View Bottom View Type Configuration 
CASE SIZE 
CAPACITANCE IN PICOFARADS 
First two digits are significant figures a 7/16 A 
Third digit number of zeros to follow Eales 
106 = 10 uF 
107 = 100 uF 
1/4 
WET ELECTROLYTE 5/16£1/16 ua (Nom,) 
SERIES H }+—— D ——+| 
MODULE 
5/16+1/16 
a “k — 
+.005 | 
Wire Hole 
~~ 483+.010 094+.010 
13.32 oe, HL all ao 
+1.15 
Rotate 90° 025 1.2 - 20 - UNF2A Thread 
f 015 * 
1500 
p +010 — : F 
zy 
375 +.007 3/8+.015 > e— .060+.020 
—.005 oa | je H | e— D—>| 
590 
+.015 
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SERIES 40YW 


Non-Acid Electrolyte Fully Insulated 


Tantalum Capacitor 


af 


DESCRIPTION 


Philips Components 40YW liquid electrolyte mini- 
ature Tantalum electrolytic capacitors fill d-c 
Capacitor requirements where large capacitance 
values are required in very small spaces. These 
wet-electrolyte capacitors are suitable for storage 
at temperatures to —65°C, and will meet military 
vibration requirements at 2000 Hz, 15 G acceler- 
ation and all normal shock requirements. 


FEATURES 
# 6 TO 60 VOLTS 


@ —55°C TO +85°C 
# 0.1 uF TO 320 uF 
& SOLDER COATED NICKEL LEADS 


WARNING 
NON-SOLID ELECTROLYTIC CAPACITORS MAY CONTAIN CHEMI- 


CALS WHICH CAN BE REGARDED AS HAZARDOUS IF HANDLED 
INCORRECTLY. CAUTION IS NECESSARY IF THE OUTER CASE IS 
FRACTURED. 
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SERIES 40YW 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 


EXAMPLE 


205 


B O60 U 1 A 
(= INDUSTRIAL 
SLEEVED 


CAPACITANCE TOLERANCE 
U = -15 +75% (6-25V) 
T = -15 +50% (30-60V) 
eet Ohta Oo Nas) 


VOLTAGE RATING @ 85°C 


CASE SIZE 
CAPACITANCE IN PICOFARADS 
First two digits are significant figures. 
Third digit number of zeros to follow: 
205 = 2 uF 
206 = 20 uF 
WEREFECHROEY TE 
SERIES 
AXIAL LEAD 


TANTALUM CAPACITOR 


Weight 
(grams) 


OO (22) 


B12: 7.9) 


438 (11.1) 
656 (16.7) 


875 (22.2) 
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SERIES 40YW 


Industrial Type Tantalum Capacitors 


Surge Typical 
Voltage Max Impedance Max DC Leakage Max DF-120 Hz ESR 
120 Hz (Ohms Current (ua % at 25°C Part Number 
aye eo] Lon | eae 
3 40YW156BO006U1A 
40YW306CO006U1A 


40YW147D006U1A 
40YW327E006U1A 


moodw 


40YW256C008U1A 


40YW106B010U1A 
40YW107D010U1A 
40YW257E010U1A 


mow @ 


40YW805B015U1A 
40YW206C015U1A 
40YW706D015U1A 
40YW177E015U1A 


40YW156C020U1A 
40YW506D020U1A 


40YW605B025U1A 
40YW106C025U1A 


40YW505B030T1A 
40YW805C030T1A 
40YW406D030T1A 
40YW107D030T1A 


moUOW Ow wh{@) moOOW 


40YW104A050T1A 
40YW504A050T1A 
40YW105A050T1A 
40YW305B050T1A 
40YW605C050T1A 
40YW256D050T1A 
40YW606E050T1A 


mMmOUQOWYrYrL 


40YW205BO060T1A 
40YW405CO060T1A 
40YW206D060T1A 
40YWSO6E060T1A 


moOOW 


CAPACITANCE TOLERANCE 
Percent Tolerance 
| Voltage 
Condition Rating Standard 
Zone 6 to 25 AS etfs) 
@ 
120 Hz 30 to 60 -15+50 
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SERIES 41GS 


Econodip Commercial Grade Dipped-Radial 
Lead Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The 41GS type capacitors are designed and 
manufactured for low unit cost in volume produc- 
tion quantities and reliable operation in a wide 
variety of commercial and consumer circuit 
applications. 

The inherent reliability of the solid tantalum 
capacitor is offered in a radial lead capacitor 
which incorporates an insulating protective body 
coating to withstand production handling in auto- 
mated processing or assembly equipment. 

The 41GS Series provides a wide variety of 
standard capacitance-voltage ratings to accom- 
modate the use of the dipped capacitor series 
for replacement of axial lead capacitor styles on 
printed circuit boards. 

The six case sizes are supplied with standard 
lead spacing of 0.100" (2.54 mm), 0.125" (3.18 mm), 
0.200" (5.08 mm). 

Four of the case sizes are available with hockey- 
stick leads with 0.250" (6.35 mm) lead spacing. 


$4s0zI2ede) winjezuel ry 


FEATURES 

@ —55°C to +85°C TEMPERATURE RANGE 
# 0.1 uf THROUGH 680.0 uf 

# 3 VDC THROUGH 50 VDC 

@ SIX STANDARD CASE SIZES 

&# STRAIGHT AND FORMED LEADS AVAILABLE 
# STABLE ELECTRICAL CHARACTERISTICS 
# RESIN COATED 

= LOW COST 

@ LOW D.C. LEAKAGE 

@ STANDARD .020" DIAMETER LEAD WIRES 
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SERIES 41GS 


Industrial Type Tantalum Capacitors 


CAPACITANCE — Measured at 25 C at 120 Hz using the bridge 
method with 1 VRMS and 2.2 VDC maximum applied to the device 
See table for standard capacitance-voltage ratings 


CAPACITANCE TOLERANCE — +20% (M) is standard. 10% (K) 
is available upon request 


DISSIPATION FACTOR — Determined by the same method as 
capacitance. DF in percent shall not exceed the following: 


Rated Capacitance Maximum DF 


0.1 uf to 6.8 uf 6% 
8.2 uf to 68 uf 8% 
82 uf to 330 uf 10% 
470 uf to 680 uf 12% 


D.C. LEAKAGE - Shall not exceed .02 X CV (capacitance X voltage) 
or 1 ua whichever is greater at 25°C when measured with rated 
voltage applied. The electrification period, prior to measurement, 
shall be 5 minutes. A regulated power supply with an external 1000 
ohm resistor in series with each unit should be used to supply the 
D.C. test and electrification voltage. 85 C.D.C. leakage shall not 
exceed 10 X CV or 10 ua, whichever is greater, when measured as 
described above. 


WVDC WORKING VOLTS D.C. 

RVDC RATED VOLTAGE D.C. — The 41GS Series is designed to 
operate reliably in a wide variety of environments between -55 C 
and +85 C with rated voltage applied 


SURGE VOLTAGE — The surge voltage is the maximum D.C 
voltage, including peak AC or other pulse voltages which may be 
applied to the capacitor for short periods of time 


Rated D.C. Voltage Maximum Surge Voltage 


3 3.6 
6.3 8 
10 IZ 
16 19 
20 26 
2S 30 
35 42 
50 60 


CIRCUIT RESISTANCE — Low impedance surges may do 
permanent damage to solid tantalum capacitors. Normal circuit 
applications should include a total resistance value equal to 3 ohms 
per applied volt. 


CAPACITANCE CHANGE WITH TEMPERATURE — 


Temperature Capacitance Change 
(Maximum) 
“55 1G -12% of initial measurement 
OO e. +12% of initial measurement 


Reference measurement (initial) will be taken at +25 C. 
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REVERSE VOLTAGE — The maximum allowable reverse voltage 
at 25 C is 10% of the rated voltage or 0.8 volt, whichever 
is greater. 


At 85 C the maximum allowable reverse voltage is 5% of the voltage 
rating or 0.4 volt, whichever is greater. 


The 41GS is a polarized capacitor series and should not be 
subjected to reverse voltages for long time periods. 


LEAD MATERIAL — Lead material is #24 AWG/.020” (.051 mm) 
diameter Grade A nickel, tin lead plated to facilitate soldering. 


TERMINAL STRENGTH — Each lead will withstand a 2 Ib. (907.2 
gr) pull applied axially for aperiod of 10 seconds without lead or weld 
failure. Each lead wil withstand two 90 bends, with no stress 
applied to the case, without failure. 


The terminal strength test is considered a destructive test. 


LIFE TEST — Capacitors shall withstand a 1000 hour life test at 
85 C with rated voltage continuously applied. A minimum of circuit 
impedance in series with each unit will be 3 ohms per applied volt. 


At the completion of the life test, the following electrical limits apply: 


Characteristic 
Capacitance 
Dissipaton Factor 
D.C. Leakage 


Post Life Test Requirements 
+10% of initial value 
150% of original requirments 
200% of initial requirement 


MARKING — Each capacitor will be marked with the rated 
capacitance, a capacitance tolerance identifier letter and the rated 
voltage. 


The positive lead is the longer of the two leads. Ared dot willindicate 
positive lead wire. 


Positive 


Capacitance Rating in UF 


Rated DC Voltage 


> teas Positive 
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SERIES 41GS 


Industrial Type Tantalum Capacitors 


PHILIPS COMPONENTS PART NUMBERING SYSTEM 


4 1 G S 154 A O50 K O A V 
LLAD SPACING CODE 
V = .100 grid 


W = .125 grid 


INDUSTRIAL X= .200 grid 
Y = .250 grid 
UNSLEEVED 


CAPACITANCE TOLERANCE 
J=+5% K=+10% M=+20% 


RATED VOLTAGE AT 85°C 
CASE SIZE 

CAPACITANCE IN PICOFARADS. 

First two digits are significant figures. 

Third digit is number of zeros to follow: 
(52 = IS ule 
Se =] 1) S ule 

SOLID-ELECTROLY TE 
SERIES 


RADIAL LEAD 


TANTALUM CAPACITOR 


Case | Terminal Codes Diameter 
Code Available “D’’ Max. 
In. (mm) 


0.180( 4.57) 
0.200 ( 5.08) 
0.260 ( 6.60) 
0.340 ( 8.64) 
0.400 (10.16) 
0.440 (11.18) 


750° + 250° 
(19.05 + 6 35) 


- 0030 


TERMINAL V 


Lead Wire Diameter .020”/ #24 AWG 


Height 
“*H1”’ Max. 

In. (mm) 
0.280 ( 7.11) 
0.300 ( 7.62) 
0.360 ( 9.14) 
0.400 (10.16) 
0.560 (14.22) 
0.680 (17.27) 


On All Case Sizes 


Height 
“H2” Max. 
In 


.410 (10.41) 
.430 (10.92) 
.490 (12.45) 
540 (13.72) 
.650 (16.50) 
.150 (19.05) 


780° + .250 
(1905 + 6 35) 


ae 


& 0.250 + .030” 


TERMINAL Y 


Philips Components « 5900 Australian Avenue * West Palm Beach, FL 33407 + (407) 863-1800 ° FAX: (407) 863-1811 


357 


$402I9ede9 winjezuel ey | 


SERIES 41GS 


Industrial Type Tantalum Capacitors 


PHILIPS COMPONENTS STANDARD RATINGS 


-55°C to +85°C 41GS SERIES 


suojziede?) unje}uel | GO 
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A B D E 
Capacitance 3 WVDC 6.3 WVDC 10 WVDC 16 WVDC 
120 Hz 3.6 VDC Surge 8 VDC Surge 12 VDC Surge 19 VDC Surge 
10 41GS104A003K0A 41GS104A006K0A 41GS104A010K0A 41GS104A016K0A 
AS 41GS154A003K0A 41GS154A006K0A 41GS154A010K0A 41GS154A016K0A 
LE 41GS224A003K0A 41GS224A006K0A 41GS224A010K0A 41GS224A016K0A 
Se 41GS334A003K0A 41GS334A006KO0A 41GS334A010K0A 41GS334A016K0A 
47 41GS474A003K0A 41GS474A006KOA 41GS474A010K0A 41GS474A016K0A 
68 41GS684A003K0A 41GS684A006K0A 41GS684A010K0A 41GS684A016K0A 
1.0 41GS105A003K0A 41GS105A006KO0A 41GS105A010K0A 41GS105A016KOA 
ie 41GS155A003K0A 41GS155A006KOA 41GS155A010K0A 41GS155A016KOA 
DE 41GS225A003K0A 41GS225A006KOA 41GS225A010K0A 41GS225A016KOA 
Ske 41GS335A003K0A 41GS335A006K0A 41GS335A010K0A 41GS335B016K0A 
47 41GS475A003K0A 41GS475A006KOA 41GS475B010K0A 41GS475B016KOA 
6.8 41GS685A003K0A 41GS685BO06K0A 41GS685B010K0A 41GS685B016KOA 
10 41GS106B003K0A 41GS106BOO6KOA 41GS106B010KOA 41GS106CO16KO0A 
ys) 41GS156BO003K0A 41GS156BO06KOA 41GS156C0O10KOA 41GS156CO16KOA 
22 41GS226B003K0A 41GS226COO6KOA 41GS226C010KOA 41GS226D016KOA 
33 41GS336CO003K0A 41GS336COO6KOA 41GS336D010K0A 41GS336D016KO0A 
47 41GS476CO03K0A 41GS476DOO6KOA 41GS476D010KO0A 41GS476E016K0A 
68 41GS686D003K0A 41GS686DO06KOA 41GS686D010KOA 41GS686E016KOA 
100 41GS107D003K0A 41GS107D006KOA 41GS107E010KOA 41GS107FO16KOA 
150 41GS15/7D003K0A 41GS157EOQO6KOA 41GS157E010KOA 41GS157FO16KOA 
220 41GS227E003K0A 41GS227EO06KOA 41GS227FO10K0A 
330 41GS337E003K0A 41GS337FOO06KOA 
470 41GS477FO03K0A 
680 41GS687FOO3K0A 
F G H J 
Capacitance 20 WVDC 25 WVDC 35 WVDC 50 WVDC 


120 Hz 26 VDC Surge 30 VDC Surge 42 VDC Surge 60 VDC Surge 
AG 41GS104A020K0A 41GS104A025K0A 41GS104A035K0A 41GS104A050KOA 
15 41GS154A020KOA 41GS154A025K0A 41GS154A035K0A 41GS154A050KOA 
22 41GS224A020K0A 41GS224A025K0A 41GS224A035K0A 41GS224A050KOA 
33 41GS334A020KOA 41GS334A025K0A 41GS334A035K0A 41GS334A050KOA 
47 41GS474A020KOA 41GS474A025K0A 41GS474A035K0A 41GS474BO50KOA 
68 41GS684A020KOA 41GS684A025K0A 41GS684A035K0A 41GS684BO050KOA 
1.0 41GS105A020KOA 41GS105A025KOA 41GS105B035K0A 41GS105CO50KOA 
1.5 41GS155A020KOA 41GS155A025KOA 41GS155B035K0A 41GS155CO50K0A 
Me) 41GS225B020K0A 41GS225B025KOA 41GS225C035K0A 41GS225D050K0A 
33 41GS335B020KO0A 41GS335B025KOA 41GS335C035K0A 41GS335D050K0A 
aif 41GS475C0O20K0A 41GS475C025K0A 41GS475D035K0A 41GS475D050K0A 
6.8 41GS685CO20K0A 41GS685CO25K0A 41GS685D035K0A 41GS685FO50K0OA 
10 41GS106CO20KOA 41GS106CO25KOA 41GS106D035K0A 41GS106FO50KOA 
15 41GS156D020KOA 41GS156D025KOA 41GS156E035KOA 
22 41GS226D020K0A 41GS226D025K0A 41GS226E035K0A 
BS 41GS336E020K0A 41GS336E025KOA 41GS336FO035K0A 
47 41GS476E020K0A 41GS476E025KOA 41GS476F035K0A 
68 41GS686FO20K0OA 41GS686FO25KO0A 
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SERIES 40MS 


Extended Range Molded Solid- Tantalum 
Industrial Grade Capacitor 


DESCRIPTION 


FEATURES 


The Philips Components “40MS” type molded # Molded, Insulated Case Construction 


solid-tantalum capacitor series offers all of the g —55 
advantages of solid-tantalum capacitors while 


°C Through +125°C Operation 


providing the cost savings associated with non- ™ 4 Standard “Chamfered End” Case Sizes 


metal case technology. 


The fabrication of the tantalum anode is performed 
on the same presses and chemical processing 
is accomplished using the same equipment that 
is utilized in the fabrication of established reliability, 
military style capacitors. 

Over 300 standard capacitance-voltage ratings, 
encased in four precision molded case sizes, 
provide just the right capacitor to meet most 
circuit requirements for electrical performance 
and physical size. 


The “40MS” product is intended for large quantity 
usage to optimize cost savings associated with 
molded case products. 

This industrial grade product is widely used in 
industrial, automotive and commercial products, 
and in circuit applications which include filtering, 
time constant, coupling, by-passing and energy 
storage applications. 

The positive lead is indicated by the chamfered 
case end, which provides easy visual identification 
of the positive lead of this polarized capacitor 
style. 

The “40MS” product is supplied lead taped and 
reeled for use in high speed automatic insertion 
equipment. 


@ Capacitance Range: 0.1 uF Through 68.0 uF 
@ Voltage Range: 2 VDC Through 50 VDC 

@ Tape and Reel Packaging 

@ Weldable And Solderable Leads 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


PHYSICAL SPECIFICATIONS 


OUTLINE DRAWING AND DIMENSIONS 


Dimensions — Inches (mm) 


Pemerpen a 


0.095 (2.41) 0.260 (6.60) 0.020 (.51) 
0.110 (2.79) 0.290 (7.37) 0.020 (.51) 
0.180 (4.57) 0.345 (8.76) 0.020 (.51) 
+ - 0.180 (4.57) 0.420 (10.67) 0.020 (.51) 
Lead Length = 1.50 + .125 inch (38.1 + 3.18) 
W = WIRE DIA. 
Maximum Capacitance (..F) by Case Size and Voltage 
Marking 
Capacitors will be marked with Philips Components part 
marking capacitance, tolerance, rated DC voltage, a + sign 
for polarity and EIA date code. Capacitance tolerance will 
be expressed as K=10%, M=20% or J=5%. 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


ELECTRICAL DATA 


DC Working Voltage 

Philips Components 40MS solid-tantalum capacitors are 
available in nine standard operating voltages, as shown in 
the capacitance-voltage table. 

All 40MS type capacitors may be operated at their rated 
voltage throughout the temperature range of —55°C 
through +85°C. 

These capacitors may be operated at 2/3 of the rated 
voltage up to a maximum temperature of +125°C. 

AC ripple voltage plus the DC polarizing voltage must 
not exceed the rated WVDC voltage. 


WVDC (%) 


Ths} “tehs) 
Temperature — °C 


(NOTE — See Table Following) 


Surge Voltage and Voltage Derating 

The surge voltage is the maximum short duration voltage 
which may be applied to the capacitor, i.e., “Turn On’ 
transients, peak AC voltages or any other voltage pulses 
which may be superimposed on the applied DC voltage. 
85°C and 125°C surge voltages and voltage derating with 
temperature for 40MS capacitors are shown in the fol- 
lowing table. 


Working 
Voltage 
WVDC 
85°C 


Surge VDC 


Derated VDC 
125°C 


Capacitance...(Effective Series Capacitance) 

Philips Components 40MS molded solid-tantalum 
capacitors are measured on a polarized capacitance 
bridge. All measurements are made at, and referred 
to, a 120 HZ frequency at 25°C measurement condition. 
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The AC measuring signal shall be limited to 2 VAC peak. 
The sum of the peak AC voltage and the applied (polariz- 


ing) DC voltage shall not exceed the rated (WVDC) vol- 
tage of the capacitor. 


Capacitance Tolerance 


The 40MS series is available in =20%(M), +10%(K) or 
+5%(J) capacitance tolerances. 


Dissipation Factor 


The dissipation factor at 120 HZ and 25°C will be mea- 
sured concurrently with capacitance. Maximum dissipa- 
tion factor (DF) limits are specified in the capacitance 
voltage rating table by individual unit. 


Maximum Dissipation 


Rated Voltage (WVDC) Factor Range (%) 


Greater Than 6 


DC Leakage Current 

DC leakage measurements will be taken after a five 
minute period of electrification, with rated DC voltage 
applied. 

The voltage will be applied with a 1000 Ohm, +50 Ohm, 
resistor connected in series with the capacitor. 

The DC leakage limit values for individual units are shown 
in the Capacitance-Voltage Rating Table. 

The maximum allowable DC leakage limit at 85°C will 
be 10 times the maximum specified 25°C DC leakage 
limit. 


Capacitance Change with Temperature 
The maximum capacitance change with temperature is: 


Temperature Maximum Change In 
oC Capacitance (%) 
25 Within Specified Tolerance 
—55 15 
85 is 


Moisture Resistance 
The 40MS series capacitors will meet the moisture resistance 
requirements of MIL-STD 202D, method 106. 


Within 6 hours of the completion of the test, the capaci- 
tance will not change more than +5% from the initial 
value. The dissipation factor will not exceed the initial 
requirement. 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


CAPACITANCE VOLTAGE RATING TABLE 


Case 120 HZ 25°C Philips Components Case | 120 HZ Z252C Philips Components | 
Size DF (%) DCL (A) Part Number uF Size DF (%) DCL ():A) Part Number 
47 10 B 0.5 


6.8 2 


s10zi9ede7 winjezuel | OO | 


A 40MS685A002K0A 4 40MS475B010K0A 
8.2 2 A 40MS825A002K0A 5.6 B 4 40MS565B010K0A 
10.0 2 A 40MS106A002K0A 6.8 B 6 40MS685B010K0A 
2 B 40MS126B002K0A B 6 40MS825B010K0A 
2 B 40MS156B002K0A B 6 40MS106B010K0A 
2 B 40MS186B002K0A C 6 40MS126CO10K0A 
2 B 40MS226B002K0A @ 6 40MS156CO10KOA 
2 B 40MS276B002K0A C 6 40MS186C010K0A 
2 B 40MS336B002K0A C 6 40MS226CO10K0A 
2 e 40MS396CO02K0A D 6 40MS276D010K0A 
Z C 40MS476C002K0A D 6 40MS336D010K0A 
2 G 40MS566C002K0A D 6 40MS396D010K0A 
2 C 40MS686C002K0A D 6 40MS476D010K0A 
et ai? tae uate A 4 40MS155A015KOA 

4 A 8 40MS565A004K0A 
A 4 40MS185A015K0A 

4 A 8 A4OMS685A004K0A 
A 4 40MS225A015K0A 

4 B 8 40MS825B004K0A 
B 4 40MS275B015K0A 

4 B 8 40MS106B004K0A 
B 4 40MS335B015K0A 

4 B 8 40MS126B004K0A 
B 4 40MS395B015K0A 

4 B 8 40MS156B004K0A 
B 4 40MS475B015K0A 

4 B 8 40MS186B004K0A 
B 4 40MS565B015K0A 

4 B 8 40MS226B004K0A 
B 6 40MS685B015K0A 

4 C 8 40MS276C004KO0A 
C 6 40MS825C015K0A 

4 C 8 40MS336C004KOA 
GC 6 40MS106C015K0A 

4 C 8 40MS396CO04KOA 
C 6 40MS126CO15KOA 

4 C 8 40MS476CO04K0A 
C 6 40MS156C015K0A 

4 D 8 40MS566D004K0A 
4 D 8 40MS686D004K0A “ P Wes ci i 
D 6 40MS226D015K0A 

6 A 4 40MS475A006K0A 
6 B 4 AOMS565BO06K0A A 4 40MS105A020K0A 
6 B 6 40MS685B006K0A A 4 40MS125A020K0A 
6 B 6 40MS825B006K0A A 4 40MS155A020K0A 
6 B 6 40MS106BO06K0A B 4 40MS185B020K0A 
6 B 6 40MS126B006KOA B 4 40MS225B020K0A 
6 B 6 40MS156B006K0A B 4 40MS275B020K0A 
6 c 6 40MS186COO6KOA B 4 40MS335B020K0A 
6 C 6 40MS226CO06KOA B 4 40MS395B020K0A 
6 C 6 40MS276CO06KOA B 4 40MS475B020K0A 
6 C 6 40MS336COO6KOA C 4 40MS565C020K0A 
6 D 6 40MS396D006K0A C 6 40MS685C020K0A 
6 D 6 40MS476D006K0A C 6 40MS825C020K0A 
6 D 6 4OMS566D006K0A C 6 40MS106CO20K0A 
6 D 6 40MS686D006K0A D 6 40MS126D020K0A 
D 6 40MS156D020K0A 
A 4 AQOMS225A010KOA D 6 40MS186D020K0A 
A 4 40MS275A010K0A D 6: 40MS226D020K0A 

A 4 40MS335A010KOA 
B 4 40MS395B010K0A A 3 40MS474A025K0A 

“Insert Capacitance Tolerance Letter in Part Number: M= =20% K=+10% 
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SERIES 40MS 


Industrial Type Tantalum Capacitors 


CAPACITANCE VOLTAGE RATING TABLE 


Case 120 HZ 25°C Philips Components Case 120 HZ 25°C Philips Components 
vDC Size DF (%) | DCL (A) Part Number Size DF (%) | DCL (uA) Part Number 


40MS564A025K0A 0.39 40MS394B050K0A 
40MS684A025K0A 0.47 a 0.5 40MS474B050K0A 
40MS824A025K0A 0.56 90 0.5 A0MS564B050K0A 
40MS105A025K0A 0.68 50 0.5 AOMS684B050K0A 
40MS125B025K0A 0.82 90 0.5 40MS824B050K0A 
40MS155B025K0A 1.0 90 0.5 A0MS105B050K0A 
40MS185B025K0A 12 90 0.5 40MS125C050K0A 
40MS225B025K0A 1D 50 0.8 40MS155CO50K0A 
40MS275B025K0A 1.8 50 0.8 40MS185CO50K0A 
40MS335B025K0A Ye: 50 the 4A0MS225C050K0A 
A0MS395C025K0A La 90 Ll 40MS275D050K0A 
A0MS475C025K0A 318 90 17 40MS335D050K0A 
40MS565C025K0A oe) 50 ee 40MS395D050K0A 
AOMS685C025K0A 47 90 2.4 40MS475D050K0A 
40MS825C025K0A 
40MS106C025K0A 
40MS126D025K0A 
40MS156D025K0A 


A40MS104A035K0A 
40MS124A035K0A 
40MS154A035K0A 
40MS184A035K0A 
40MS224A035K0A 
40MS274A035K0A 
40MS334A035K0A 
AOMS394A035K0A 
40MS474A035K0A 
40MS564B035K0A 
40MS684B035K0A 
40MS824B035K0A 
40MS105B035K0A 
40MS125B035K0A 
40MS155B035K0A 
40MS185C035K0A 
40MS225C035K0A 
40MS275C035K0A 
40MS335C035K0A 
40MS395C035K0A 
40MS475C035K0A 
40MS565D035K0A 
AOMS685D035K0A 
40MS825D035K0A 
40MS106D035K0A 


40MS104A050K0A 
40MS124A050K0A 
40MS154A050K0A 
40MS184A050K0A 
40MS224A050K0A 
40MS274A050K0A 
40MS334B050K0A 


(ee has Bao J i ge Daley (qa viign lucie so) Mao} hee, oo} 
> SP Ff Sf FP HPWH WW WW WwW 


HOW TO SPECIFY 


MS 685 D 035 M 


Oma 
a Industrial 


UNSLEEVED 
Capacitance Tolerance 
Mi 20%  K— 10% 

J == Sy 


Voltage Rating 
Case Size 


Capacitance in Picofarads 
First two digits are significant figures. 
Third digit number of zeros to follow: 
685 = 6.8 uF 
686 = 68 uF 


Solid-Tantalum 


Molded Case 


Axial Lead 


Tantalum Capacitor 


Cs) ao ee Cy Cc) Co. CoC opcoeG onus Co) OUP eu Go te 2a Se oe a a OO ca oS) Ge Care) OS 200 to) Co en) oo a 
(SO TERY SS) OHSS SS BSS SS SSS SSS BSS ERY SSS (OMS SS Oy (FS) (SSC STSS) WSSU SS (CS) TOR), (SS) ToS) Tey eS ISS SS Sey (SOY OC (SESE) (SE) (SE) KE) SS) (SS) (ES) 


“Insert Capacitance Tolerance Letter in Part Number: M= +20% K= +10% 
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SERIES 40MS 


Industrial Type Tantalum Capacitors | 


Capacitance Change with Temperature Leakage Current 
my SI q 100 EEE 10 REE 
“ seeeuae sents) 
: 4] SaeRESSE 
C oer aim cr co 
(%) . a | | 
cde 


ZGNNINS 
ISNNUAE 
axe El 


KY 
SS 
Biaie 


voltage derating factor 


HES 
aN 


= 


temperature derating factor 
jo) 


OOM 25 
ae ° 0.1 
amb ( C) =100 (0) 100 200 
: : T ; 
Typical capacitance as a function of ambient temperature. amb (°C) operating voltage (% WVDC) 
Typical effect of ambient temperature on Typical effect of operating voltage on 

Impedance leakage current leakage current 
The impedance is measured by means of a four-terminal circuit 
(Thomson circuit) Impedance 


107 108 f (Hz) 10° 
Typical impedance as a function of frequency at 25°C; case sizes B and E Typical impedance as a function of frequency at 25°C; case sizes D and F. 


Equivalent Series Resistance Equivalent Series Resistance 


102 102 f (Hz) 104 10? 108 f (Hz) 104 
Typical ESR as a function of frequency; case sizes B and E. Typical ESR as a function of frequency; case sizes D and F. 
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SERIES 40NS 


Non Polar Solid Electrolyte Tantalum Capacitor 


‘DESCRIPTION FEATURES 


The Philips Components 40NS Series consists Of NON POLAR 

two polar solid electrolyte sintered tantalum anode 

capacitors, assembled into a tubular metal can in "HERMETIC SEAL 

a back-to-back configuration. - E 4 

Available in four standard sizes, insulated or unin- Oe eel alla 
sulated styles, the 40NS Series is manufactured = 6 THRU 100 VOLTS 
utilizing the highly automated processing and 

assembly techniques which Philips Components 9.0023 uf THRU 160 uf 
has developed for producing established reliability 

CSR91 devices to MIL-C-39003. BR OUR SI BIUAB SIZES 
The 40NS Series is especially adapted for appli-  " COUPLING 

cations involving coupling, filtering, and timing in 

those computer, industrial, and commercial cir- 

cuits where AC signals are prevalent, or where 

voltage reversals are common. 
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SERIES 40NS 


Industrial Type Tantalum Capacitors 


CAPACITANCE 
+25°C 120 Hz 


0.0023 
0.0028 
0.0034 
0.0041 


0.005 
0.006 
0.0075 
0.009 
0.011 
0.013 


0.016 
0.019 
0.023 
0.028 
0.034 
0.041 


0.05 
0.06 
0.075 
0.09 
0.11 
0.13 


0.16 
0.19 
0.23 


PHILIPS COMPONENTS STANDARD RATINGS 


6 WVDC N.P. 
+10% INSULATED 
4V @ 125°C 


40NS232WO06K1A 
40NS282WO06K1A 
40NS342WO06K1A 
40NS412WOO6K1A 


40NSS5O02WOO06K1A 
40NS602WO06K1A 
40NS752WOO06K1A 
40NS902WO06K1A 
40NS113WO06K1A 
40NS 133WO06K1A 


40NS163WO06K1A 
40NS 193WO06K1A 
40NS233W006K1A 
40NS283WO006K1A 
40NS343WO006K1A 
40NS413WO06K1A 


40NS503WO006K1A 
4O0NS603WO06K1A 
40NS753WO06K1A 
40NS903WO006K1A 
40NS114WO006K1A 
40NS134WO06K1A 


40NS164WO006K1A 
40NS194WO006K1A 
40NS234W006K1A 
40NS284W006K1A 
40NS344WO006K1A 
40NS414WO06K1A 


40NS504WO06K1A 
40NSS04WOO06K1A 
40NS754WO06K1A 
40NS904WO06K1A 
40NS115WO06K1A 
40NS135WO06K1A 


40NS165WOO6K1A 
40NS195WOO0SK1A 
40NS235WO06K1A 
40NS28SWO06K1A@ 
40NS345WO06K1Ae 
40NS415X006K1A 


40NS505X006K 1A 
40NS605X006K1A 
40NS755X006K1A 
40NS905X006K 1A 
40NS116X006K1A 
40NS136X006K1A 


40NS166X006K1A 
40NS196X006K1A 
40NS236X006K1A@ 
40NS286X006K1A@ 
40NS346Y006K1A 
40NS416YO06K1A 


4ONSS506YOO6K1A 
4ONS606YO06K1A 
40NS756Y006K1Ae@ 
4ONS906Y006K1Ae 
40NS117ZOO6K1A 
40NS137Z006K1Ae 
40NS167Z006K1Ae@ 


e@ EQUIVALENT VALUE AVAILABLE 
CSR91 STYLE PER MIL-C-39003 
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10 WVDC N.P. 
+10% INSULATED 
7V @ 125°C 


40NS232W010K1A 
40NS282W010K1A 
40NS342W010K1A 
40NS412W010K1A 


40NS502W010K1A 
40NS602W010K1A 
40NS752WO010K1A 
40NS902W010K1A 
40NS113W010K1A 
40NS133W010K1A 


40NS163W010K1A 
40NS193W010K1A 
40NS233W010K1A 
40NS283W010K1A 
40NS343W010K1A 
40NS413W010K1A 


40NS503W010K1A 
40NS603W010K1A 
40NS753W010K1A 
40NS903W010K1A 
40NS114W010K1A 
40NS134W010K1A 


40NS164W010K1A 
40NS194W010K1A 
40NS234W010K1A 
40NS284W010K1A 
40NS344W010K1A 
40NS414W010K1A 


40NS504W010K1A 
40NS604W010K1A 
40NS754W010K1A 
40NS904W010K1A 
40NS115W010K1A 
40NS135W010K1A 


40NS165W010K1A 
40NS195W010K1Ae@ 
40NS235W010K1Ae 
40NS285X010K1A 
40NS345X010K1A 
40NS415X010K1A 


40NS505X010K1A 
40NS605X010K1A 
40NS755X010K1A 
40NS905X010K1A 
40NS116X010K1A 
40NS136X010K1A@ 


40NS166X010K1Ae@ 
40NS196X010K1Ae@ 
40NS236Y010K1A 
40NS286Y010K1A 
40NS346Y010K1A 
40NS416Y010K1Ae@ 


40NS506Y010K1Ae 
40NS606Y010K1Ae 
40NS756Z010K1A 

40NS906Z010K1Ae@ 
40NS117Z010K1A@ 


15 WVDC N.P. 
+10% INSULATED 
10V @ 125°C 


40NS232W015K1A 
40NS282W015K1A 
40NS342W015K1A 
40NS412WO015K1A 


40NS502W015K1A 
40NS602W015K1A 
40NS752W015K1A 
40NS902W015K1A 
40NS113W015K1A 
40NS133W015K1A 


40NS163W015K1A 
40NS193W015K1A 
40NS233W015K1A 
40NS283W015K1A 
40NS343W015K1A 
40NS413W015K1A 


40NS503W015K1A 
40NS603W015K1A 
40NS753W015K1A 
40NS903W015K1A 
40NS114W015K1A 
40NS134W015K1A 


40NS164W015K1A 
40NS194W015K1A 
40NS234W015K1A 
40NS284W015K1A 
40NS344W015K1A 
40NS414W015K1A 


40NS504W015K1A 
40NS604W015K1A 
40NS754W015K1A 
40NS904W015K1A 
40NS115W0O15K1A 
40NS135W015K1A¢@ 


40NS165W015K1Ae 
40NS195X015K1A 
40NS235X015K1A 
40NS285X015K1A 
40NS345X015K1A 
40NS415X015K1A 


40NS505X015K1A 
40NS605X015K1A 
40NS755X015K1A 
40NS905X015K1A¢@ 
40NS116X015K1Ae@ 
40NS136Y015K1A 


40NS166Y015K1A 
40NS196Y015K1A 
40NS236Y015K1A 
40NS286Y015K1A@ 
40NS346Y015K1A@ 
40NS416Z015K1A 


40NS506Z015K1A 
40NS606Z015K1Ae 
40NS756Z015K1Ae 


20 WVDC N.P. 
+10% INSULATED 
13V @ 125°C 


40NS232W020K1A 
40NS282W020K1A 
40NS342W020K1A 
40NS412WO020K1A 


40NS502WO020K1A 
40NS602WO020K1A 
40NS752WO020K1A 
40NS902WO020K1A 
40NS113W020K1A 
40NS133W020K1A 


40NS163W020K1A 
40NS193W020K1A 
40NS233W020K1A 
40NS283W020K1A 
40NS343W020K1A 
40NS413W020K1A 


40NS503W020K1A 
40NS603W020K1A 
40NS753W020K1A 
40NS903W020K1A 
40NS114W020K1A 
40NS134W020K1A 


40NS164W020K1A 
40NS194W020K1A 
40NS234W020K1A 
40NS284W020K1A 
40NS344W020K1A 
40NS414W020K1A 


40NS504W020K1A 
40NS604W020K1Ae@ 
40NS754W020K1Ae@ 
40NS904W020K1Ae@ 
40NS115W020K1Ae@ 
40NS135xX020K1A 


40NS165X020K1A 
40NS195X020K1A 
40NS235X020K1A 
40NS285xX020K1A 
40NS345X020K1A 
40NS415X020K1A@ 


40NS505X020K1Ae@ 
40NS605X020K 1A@ 
40NS755X020K1A@ 
40NS905Y020K1A 
40NS116YO020K1A 
40NS136Y020K1Ae@ 


40NS166Y020K1Ae@ 
40NS196Y020K1A@ 
4ONS236Y020K1Ae@ 
40NS286Z020K 1A@ 
40NS346Z020K1A@ 
40NS416Z020K1A@ 


40NS506Z020K1Ae@ 


SERIES 40NS 


Industrial Type Tantalum Capacitors 


CAPACITANCE 
+25°C 120 Hz 


0.0023 
0.0028 
0.0034 
0.0041 


0.005 
0.006 
0.0075 
0.009 
0.011 
0.013 


0.016 
0.019 
0.023 
0.028 
0.034 
0.041 


0.05 
0.06 
0.075 
0.09 
0.11 
0.13 


0.16 
0.19 
0.23 
0.28 
0.34 
0.41 


0.50 
0.60 
0.75 
0.90 
el 
1.3 


1.6 
ES) 
2.3 
2.8 
3.4 
4.1 


le Size 


35 WVDC N.P. 
+10% INSULATED 
23V @ 125°C 


40NS232W035K1A 
40NS282W035K1A 
40NS342W035K1A 
40NS412WO035K1A 


40NS502W035K1A 
40NS602WO035K1A 
40NS752W035K1A 
40NS902W035K1A 
40NS113W035K1A 
40NS133W035K1A 


40NS163W035K1A 
40NS193W035K1A 
40NS233W035K1A 
40NS283W035K1A 
40NS343W035K1A 
40NS413W035K1A 


40NS503W035K1A 
40NS603W035K1A 
40NS753W035K1A 
40NS903W035K1A 
40NS114W035K1A 
40NS134W035K1A 


40NS164W035K1A 
40NS194W035K1A 
40NS234W035K1A 
40NS284W035K1A 
40NS334W035K1A 
40NS414W035K1A 


40NS504W035K1A 
40NS604X035K1A 
40NS754X035K1A 
40NS904X035K1A 
40NS115X035K1A 
40NS135X035K1A 


40NS165X035K1A 
40NS195X035K1A 
40NS235X035K1A 
40NS285X035K 1A@ 
40NS345X035K 1A@ 
40NS415Y035K1A 


4ONS505Y035K1A 
4ONS605Y035K1A 
4ONS755Y035K1A 
4ONSS05Y035K1A 
4ONS116Y035K1A@ 
40NS136Z035K1A@ 


40NS166Z035K1A¢e@ 
40NS196Z035K1Ae@ 
40NS236Z035K 1A@ 


Case | D+0.010 (.25) | Lt.031 (.79) 
—.015 (.38) 


50 WVDC N.P. 
+10% INSULATED 
33 V @ 125°C 


40NS232W050K1Ae@ 
40NS282WO0S0K1A@ 
40NS342W050K 1 Ae 
40NS412WOS50K1A@ 


40NS502WO0S50K 1 A@ 
40NS602WOSO0K1 Ae 
40NS752WOS0K1A@ 
40NSO92WO50K1Ae@ 
40NS113W050K1A6@ 
40NS133W050K1Ae 


40NS163W050K1A@ 
40NS193W050K1A@ 
40NS233W050K1A@ 
40NS283W050K 1 Ae 
40NS343W050K 1 Ae 
40NS413W050K1A@ 


40NS503WO0S0K1Ae 
40NS603W050K1A@ 
40NS753W050K1A¢@ 
40NS903W050K1A@ 
40NS114W0S50K1Ae 
40NS134W050K1Ae@ 


40NS164WO0S0K1 Ae 
40NS194W050K1A@ 
40NS234W050K1 Ae 
40NS284W050K1 Ae 
40NS344W050K 1A@ 
40NS414W050K1A@ 


40NS504W050K1A¢@ 
40NS604X050K1Ae 
40NS754X050K1A¢@ 
40NS904X050K1A@ 
40NS115X050K1Ae@ 
40NS135X050K1Ae 


40NS165X050K 1A@ 
40NS195X050K1A@ 
40NS235X050K 1A@ 
40NS285Y050K1A@ 
40NS345Y050K1Ae@ 
40NS415Y050K1Ae@ 


40NS505Y050K1Ae 
40NS605Y050K1Ae 
40NS755Y050K1Ae@ 
40NS905 YOSOK1 Ae 
40NS116Z050K1A¢e@ 


D+.010 (.25) 


W 


x 
\¢ 
Zz 


0.161 (4.09) 
0.207 (5.26) 
0.314 (7.98) 
0.376 (9.55) 


0.575 (14.61) 
0.955 (24.26) 
1.350 (34.29) 
1.550 (39.37) 


| 


Uninsulated 
L+.031 (.79) 


75 WVDC N.P. 
+10% INSULATED 
SOV @ 125°C 


40NS232W075K1A 
40NS282W075K1A 
40NS342W075K1A 
40NS412W075K1A 


40NS502W075K1A 
40NS602WO075K1A 
40NS752W075K1A 
4ONS902WO075K1A 
40NS113W075K1A 
40NS133W075K1A 


40NS163W075K1A 
40NS193W075K1A 
40NS233W075K1A 
40NS283W075K1A 
40NS343W075K1A 
40NS413W075K1A 


40NS503W075K1A 
40NS603W075K1A 
40NS753W075K1A 
40NS903W075K1A 
40NS114W075K1A 
40NS134W075K1A 


40NS164W075K1A 
40NS194W075K1A 
40NS234W075K1A 
40NS284W075K1A 
40NS334W075K1A 
40NS414X075K1A 


40NS504X075K1A 
4O0NS604X075K1A 
40NS754X075K1A 
40NS904X075K1A@ 
40NS115X075K1A 
40NS135X075K1A 


40NS165X075K1A@ 
40NS195X075K1A@ 
40NS235Y075K1A 
40NS285Y075K1A 
40NS345Y075K1A 
40NS415Y075K1A@ 


40NS505Y075K1A@ 
40NS605Z075K1A@ 


40NS7552Z075K1A@ 


d 


d 
Lead Diam. 


100 WVDC N.P. 
+10% INSULATED 
67V @ 125°C 


40NS232W100K1Ae 
40NS282W100K1A@ 
40NS342W100K1Ae 
40NS412W100K1Ae@ 


40NS502W100K1Ae@ 
40NS602W100K1Ae@ 
40NS752W100K1Ae 
40NS902W100K1Ae@ 
40NS113W100K1Ae@ 
40NS133W100K1Ae@ 


40NS163W100K1A@ 
40NS193W100K1A6¢@ 
40NS233W100K1Ae 
40NS283W100K1Ae 
40NS343W 100K1Ae@ 
40NS413W100K1Ae@ 


40NS503W100K1Ae@ 
4O0NS603W100K1Ae 
40NS753W100K1Ae@ 
40NS903W100K1A@ 
40NS114W100K1Ae@ 
40NS134W100K1Ae 


40NS164W100K1A@ 
40NS194W100k1A¢e@ 
40NS234W100K1Ae@ 
40NS284W100K1A@ 
40NS334X100K1A@ 
40NS414X100K1A6e@ 


40NS504X100K1A@ 
40NS604X100K1A6¢@ 
40NS754X100K1A@ 


40NS115X100K1Ae@ 
40NS135X100K1A¢@ 


(38.10+6.35) 
1.50+.25 
BOTH 
LEADS 


+,002 (0.06) 


0.150 (3.81) 0.565 (14.35) | 0.020 (0.51) 
0.199 (5.05) 0.925 (23.50) | 0.020 (0.51) 
0.305 (7.75) 1,345 (34.25) | 0.025 (0.64) 
0.368 (9.37) 1.555 (39.41) | 0.025 (0.64) 


0.750 (19.05) 
1.130 (28.70) 
1.525 (38.74) 
1.725 (43.82) 
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SERIES 40NS 


Industrial Type Tantalum Capacitors 


DESIGN AND CONSTRUCTION 

Each 40NS type capacitor consists of a highly purified sintered tan- 
talum anode body, utilizing an electrolytically formed oxide dielectric 
and a solid electrolyte, soldered in a metal case. Two individual metal 
cases are then connected back-to-back in a metal sleeve. 


INSULATION 

When specified, a MYLAR* sleeve will be placed over the metal can. 
The insulation will not soften or creep over the operating temperature 
range. 


RADIAL CONFIGURATION 
When radial lead configuration is desired, the negative lead can be 
bent down the side of the metal can. 


LEADS 
Lead material is Grade A nickel, tin lead plated to facilitate soldering. 
Other lead material available on request. 


MARKING 


Capacitors will be marked with Philips Components part marking 


The surge voltages are as follows: 


Rated WVDC up = Derated SURGE VOLTAGE 
to 85°C 125°C 85°C 125°C 
6 4 8 5 
10 7 13 9 
15 10 20 12 
20 13 26 16 
35 23 46 28 
50 SS 65 40 
75 50 97 64 
100 66 130 86 
CAPACITANCE 


Capacitance shall be measured on a polarized bridge, at or referred 
to 120 cps at 25°C. The maximum DC bias shall be 2.2VDC for all A.C. 
measurements. The magnitude of the A.C. signal shall be limited to 
1.0 VRMS. 

The capacitance so determined shall be within specified initial 
capacitance tolerance. 


TOLERANCE 
The 40NS Series is available in =20%, +10% and +5% capacitance 


capacitance, voltage, and + signs for polarity as a minimum. Nonpolarity tolerance. 


is noted by the + on each end. When space permits, capacitance tolerance 


and date code will be added. 


DC WORKING VOLTAGE 


40NS Series capacitors are available in 8 voltage ratings applicable 
from —55°C to 85°C without derating, and to 125°C with 2/3 linear derating 
(see chart under para. 3). This voltage may be applied in either direction. 
These capacitors may be operated with AC only applied. Consult the 
Philips Components Sales Engineerings Dept. for your specific application. 


SURGE VOLTAGE 

The surge voltage is the maximum DC voltage, including peak AC or 
other pulses, which may be applied for short duration. 

In no case shall the sum of AC voltage and applied DC working 
voltage exceed the working voltage of the capacitor. 


*Copyright, DuPont Company 


DISSIPATION FACTOR 

DF shall be measured on a polarized bridge, at or referred to 120 
cps at 25°C. The maximum DC bias shall be 2.2 VDC for all A.C. measure- 
ments. The magnitude of the A.C. signal shall be limited to 1.0 VRMS. 


The DF so determined shall not exceed: 


0.01 uf to 68 uf 
82 uf to 180 uf 
220 and up 


6% DF maximum 
8% DF maximum 
10% DF maximum 


D.C. LEAKAGE CURRENT 
DCL shall not exceed 0.04 uA/ufV, but need not be less than 1 uA 


when determined with a 1000 ohm current limiting resistor in series 
with the test capacitor after a 5 minute application of rated voltage at 
25°C. The DCL at 85° shall not exceed 10 times the 25°C limits. At 


125°C the DCL shall not exceed 12 times the 25°C limits. 


PART NUMBER SYSTEM 


EXAMPLE a @) N S 165 


A 
Li INDUSTRIAL 


0 = UNSLEEVED 
1 = SLEEVED 


X 035 K 1 
F CAPACITANCE TOLERANCE 


J=+5% K=2+10% M=+20% 
RATED VOLTAGE @ 85°C 


CASE SIZE 


CAPACITANCE IN PICOFARADS. 
First two digits are significant figures. 
This is number of zeros to follow: 
165 = 1.6 uF 
166 = 16 uF 


SOLID ELECTROLYTE 


SERIES 
AXIAL LEAD 
TANTALUM CAPACITOR 
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SERIES 41PS 


Rectangular Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The Philips Components 41PS Series is a solid 
electrolyte sintered tantalum anode capacitor 
body, molded into a rectangular epoxy resin 
package. 

Available in three sizes, the 41PS Series is manu- 
factured utilizing the highly automated processing 
and assembly techniques which were developed 
for producing established reliability devices. 

The 41PS Series offers consistent precision dimen- 
sions, precision lead spacing, higher microfarad 
per cubic inch, and a very low D.C. leakage current 
and dissipation factor. 


Y & Z Cases 


X Case eh Ww, 


ssopoedey) winjezuel ry 


Round Edge of 
Case Denotes Positive 


Note: Positive indicated by 
Red Dot on top of Case 


DIMENSIONS 41PS TYPE — INCHES (mm) 


( 0. 
7.2) 


+.015( 0.4) +.015( 0.4) +.015(0.4) +.001 (0.02) 
H T d 
7) ) 
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SERIES 41PS 


Industrial Type Tantalum Capacitors 


ELECTRICAL SPECIFICATION 


CAPACITANCE 


Type 41PS capacitors are measured on a polarized capaci- 
tance bridge. The measurements are made at, or referred to, 120 
cps and 25°C conditions. The AC measuring signal shall be limited 
to 2 volts peak and have a frequency of 120 cps. The bridge shall 
have a DC polarizing voltage large enough to prevent a reversal of 
polarity by the AC measuring voltage and at the same time the 
peak AC should not exceed the rated DC working voltage of the 
Capacitor. 


DISSIPATION FACTOR 


The low D-F. of the 41PS type capacitors, even at the extremes 
of the operating temperature range, is another very useful 
characteristic. Dissipation factor is read directly on most 
capacitance bridges when making the capacitance measurement 
discussed above. However, some bridges read ESR (Equivalent 
Series Resistance) in place of dissipation factor in which case the 
following formula is applicable — D.F. = 2-fRC. “R” is the 
equivalent series resistance. All measurements are made at or 
referred to a frequency of 120 cps. 


D.C. LEAKAGE 


The leakage current when measured after 5 minutes at rated 
working voltage shall not exceed the DC leakage current limits of 
02 ua/uFVor 1Quawhichever is greater at 25°C. A 1000 current 
limiting resistor should be placed in series with the capacitor 
during DC leakage current measurement. 


At 85°C the maximum leakage will be 10 times the 25°C 
maximum. At 125°C the maximum leakage will not exceed 12.5 
times the 25°C maximum. 


D.C. WORKING VOLTAGE 


The 41PS type tantalum capacitors are available in 8 voltage ratings 


or any other voltage pulses which may be superimposed on the 
rated DC working voltage. 


In no case may the sum of the AC voltage and the applied DC 
working voltage exceed the rated DC surge voltage. 


Rated DC Working Voltage Rated DC Surge Voltage 


ONO! Go G 2S. Up to 85 C 125.6 
6 4 8 5 
10 7 13 g 
15 10 20 12 
25 17 33 22 
35 23 46 28 
50 33 65 40 


PHYSICAL SPECIFICATIONS 


TEMPERATURE RANGE 


Type 41PS will operate from -55° to 85°C without derating. When 
properly derated. reliable operation is possible up to 125°C. 


VIBRATION 


The capacitors shall be rigidly mounted by suitable case clamps 
and subjected to a simple harmonic motion having a maximum 
amplitude of 0.03” or 15G in 2 mutually perpendicular directions — 
-1 parallel and 1 perpendicular to the cylindrical axis. Capacitors 
shall withstand vibration from 10 to 10,000 cycles at 15G without 
internal damage. The frequency shall be varied uniformly over a 
frequency range of 55-2000 cps in approximately 20 minutes at a 
uniform rate for a total of 4 hours. During the last 2 hour of test the 
test units will be monitored by an instrument capable of detecting 
intermittent open or short circuits with a duration of .5 milli- 


and may be operated at full rated voltage from —80°C to +85°C. The seconds or greater. Rated DC voltage will be applied to the units 
41PS type may be further operated up to 125°C by derating the DC working during test. 


voltage in accordance with the following graph and chart: 


WORKING VOLTS 
VS. OPERATING TEMPERATURE 


100 


PERCENT OF RATED VOLTS 


TEMPERATURE (C) 


After vibration the capacitors shall meet the initial requirements 
of dissipation factor and leakage current. The capacitance shall 
not change more than +5% from the initial measured value. 


LEAD MATERIAL 


Standard construction will include tin lead plated nickel leads for 
soldering. Plain nickel leads are also available for welding. 


TERMINAL STRENGTH 


With the body of the capacitor secured, the leads shall with- 
stand a 3 |b. load applied in any direction for 30 seconds. 


MARKING 


SURGE VOLTAGE Capacitors will be marked with Philips Components part marking 


capacitance, voltage and polarity as a minimum. Where space permits, 
capacitance tolerance, & date code, will be added in that sequence, with 
red dot on top of case indicating polarity. 


The surge voltage rating (see table above) of the Type 41PS 
capacitor is the maximum short duration voltage which may be 
applied to the capacitor, i.e. “turn on” transients, peak AC voltage 
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SERIES 41PS 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 


x 010 K 0 A 
E- INDUSTRIAL 
UNSLEEVED 


CAPACITANCE TOLERANCE 
J = +5% K = £10% M = +20% 


106 


VOLTAGE RATING AT 85 C 
CASE SIZE 
CAPACITANCE IN PICOFARADS 
First two digits are significant figures 
Third digit number of zeros to follow 
Ex: 106 = 10 uF 
107 = 100 uF 
SOLID ELECTROLYTE 
SERIES 
RADIAL LEAD 


TANTALUM CAPACITOR 


Maximum x Maximum 

Capacitance Dissipation Capacitance Philips Components Dissipation 
uf 25°C +10% Factor, % uf 25°C ge etad Factor, % 
120 cps 25°C 120 cps 120 cps sepa 25 C 120 cps 


6 VOLT RATING AT 85°C 10 VOLT RATING AT 85 C 


41PS105X006KOA 41PS105X010KOA 


Philips Components 
Part Number 


ss0ozsede) winjejuel ry 


41PS125X006KOA 
41PS155X006KOA 
41PS185X006KOA 
41PS225X006KOA 
41PS275X006KOA 
41PS335X006KOA 
41PS395X006KOA 
41PS475X006KOA 
41PS565X006KO0A 
41PS685X006KO0A 
41PS825X006KOA 
41PS106X006K0A 
41PS126X006KO0A 
41PS156X006KO0A 
41PS186X006KOA 
41PS226X006K0A 
41PS276YOO6KOA 
41PS336YO06K0A 
41PS396Y006KOA 
41PS476YO06KO0A 
41PSS566YOO6KO0A 
41PS686Y006KOA 
41PS826Z006KOA 
41PS107ZO006KOA 
41PS127Z006KOA 
41PS157ZO006KOA 
41PS187Z006KOA 
41PS227Z006KOA 


ODMDWDWDDDADAADADADADAAADAWAMWANDADNDAMWAMAADANDAAMNADNAAD®D 


—_ 


41PS125X010KOA 
41PS155X010KOA 
41PS185X010KOA 
41PS225X010KOA 
41PS275X010KOA 
41PS335X010KO0A 
41PS395X010KOA 
41PS475X010KOA 
41PS565X010KOA 
41PS685X010KOA 
41PS825X010KOA 
41PS106X010KOA 
41PS126X010KOA 
41PS156Y010KOA 
41PS186Y010KOA 
41PS226Y010K0A 
41PS276Y010KOA 
41PS336Y010K0A 
41PS396Y010KOA 
41PS476Z010KOA 
41PS566Z010KOA 
41PS686Z010KOA 
41PS826Z010KOA 
41PS107Z010KOA 
41PS127Z010KOA 
41PS157Z010KOA 
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SERIES 41PS 


Industrial Type Tantalum Capacitors 


Capacitance 
uf 25°C 
120 cps 


15 VOLT RATING AT 85°C 


ssoqwivedey winjezuel | 


Capacitance 
uf 25°C 
120 cps 
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Philips Components 
Part Number 
£10% 


41PS105X015KOA 
41PS125X015KOA 
41PS155X015KOA 
41PS185X015KOA 
41PS225X015KOA 
41PS275X015KOA 
41PS335X015KO0A 
41PS395X015KO0A 
41PS475X015KO0A 
41PS565X015KO0A 
41PS685X015KO0A 
41PS825X015KOA 
41PS106Y015KOA 
41PS126Y015KOA 


41PS156Y015KOA 
41PS186Y015KOA 


41PS226Y015KOA 
41PS276Y015KO0A 
41PS336Z015KO0A 


41PS396Z015KO0A 
41PS476Z015KO0A 


41PS566Z015KO0A 
41PS686Z015K0A 
41PS826Z015KO0A 


Philips Components 
Part Number 
=10% 


41PS104X035K0A 
41PS124X035KOA 
41PS154X035KOA 
41PS184X035KOA 
41PS224X035KOA 
41PS274X035KOA 
41PS334X035K0A 
41PS394X035KOA 
41PS474X035KOA 
41PS564X035KOA 
41PS684X035KOA 
41PS824X035KOA 
41PS105X035KOA 
41PS125X035KOA 
41PS155X035KOA 
41PS185X035KOA 
41PS225X035KOA 
41PS275X035KOA 
41PS335X035K0A 
41PS395Y035KOA 
41PS475Y035KOA 
41PS565Y035KOA 
41PS685Y035KOA 
41PS825Y035K0A 
41PS106Y035KOA 
41PS126Z035K0A 
41PS156Z035KOA 
41PS186Z035K0A 
41PS226Z035K0A 
41PS276Z035K0A 
41PS336Z035KOA 


Maximum 
Dissipation 
Factor, % 
25°C 120 cps 


(0 ok @ 00 oC 00 00 0 Ope) OPO? OP OPO? OPO? OPO? OP ©? OP? ©? OPO? EO?) 


Maximum 

Dissipation 

Factor, % 
25 C120 cps 


ADOMDAMDADAMAMDAMNDWMDAMNDMAMAMAMDMDDADADDDADADADDDDDHOOOD 


Capacitance 
uf 25°C 


Capacitance 
uf 25°C 
120 cps 


eS Searle ee 
OWNNADNO 


= 
NN 


Philips Components 
Part Number 
+10% 


25 VOLT RATING AT 85 C 


41PS105X025KOA 
41PS125X025KOA 
41PS155X025KOA 
41PS185X025KOA 
41PS225X025KOA 
41PS275X025KOA 
41PS335X025KOA 
41PS395X025KOA 
41PS475X025KOA 
41PS565Y025KO0A 
41PS685Y025KO0A 
41PS825Y025K0A 
41PS106Y025KO0A 
41PS126Y025KOA 
41PS156Y025KOA 
41PS186Z025KOA 
41PS2262025K0A 
41PS276Z025KOA 
41PS336Z025KOA 
41PS396Z025KOA 
41PS476Z025KOA 


Philips Components 
Part Number 
+10% 


41PS104X050KOA 
41PS124X050KOA 
41PS154X050KOA 
41PS184X050KOA 
41PS224X050KOA 
41PS274X050KOA 
41PS334X050KOA 
41PS394X050KOA 
41PS474X050KOA 
41PS564X050KOA 
41PS684X050KOA 
41PS824X050KOA 
41PS105X050KOA 
41PS125X050KOA 
41PS155X050KO0A 
41PS185X050KOA 
41PS225X050K0A 
41PS275Y050KOA 
41PS335Y050KOA 
41PS395Y050KOA 
41PS475Y050KOA 
41PS565Y050KOA 
41PS685Z050KOA 
41PS825Z050KOA 
41PS106Z050KOA 
41PS126Z050KOA 
41PS156Z050KOA 
41PS186Z050KOA 


Maximum 
Dissipation 
Factor, % 
25°C 120 cps 


DDNDDDDADNDANDNDDANDDADDANDAMADMDAMNDD DD 


Maximum 

Dissipation 

Factor, % 
25°C 120 cps 


DAAMAMAMDAANDADAMAMDMADANDAMNDDADMADADDADDAHADOD 


SERIES 40SS 


Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The 40SS type solid tantalum capacitors are 
products of extensive research and development 
activities. While their unique design makes the 
40SS type capacitors extremely stable over a 
wide temperature range, their high purity, porous 
sintered tantalum anode and highly refined tan- 
talum oxide dielectric result in capacitors with 
low DC leakage currents and low dissipation 
factor values. 


FEATURES 
= HERMETIC SEAL 


=# LOWEST DC LEAKAGE CURRENT 


= REDUCED ESR RESULTING IN LOW DISSIPATION 
FACTOR 


= MINIMAL CHANGE IN CAPACITANCE AT 
TEMPERATURE EXTREMES 


@ HERMETIC DEVICE 
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SERIES 40SS 


industrial Type Tantalum Capacitors 


ELECTRICAL CHARACTERISTICS 


DC WORKING VOLTAGE 

40SS Type Tantalum Capacitors are available in 8 voltage ratings and 
may be operated at full rated voltage from 80°C to +85°C. The “S” type 
may be further operated up to 125°C by derating the DC working 
voltage in accordance with the following graph and chart: 


WORKING VOLTS 


PERCENT OF RATED VOLTS 


TEMPERATURE (C) 


Rated DC Working Voltage Rated DC Surge Voltage 


Up to 85°C 125°C Up to 85°C 125°C 

6 4 8 5 

10 it 13 9 

15 10 20 12 

20 13 26 16 

35 23 46 28 

50 33 65 40 

75 50 Si 64 

100 66 130 86 


SURGE VOLTAGE 
The surge voltage rating (see table above) of the 40SS Type capacitor 
is the maximum short duration voltage which may be applied to the 
capacitor; i.e., “turn on’ transients, peak AC voltage, or any other voltage 
pulses which may be superimposed on the rated DC working voltage. 
In no case may the sum of the AC voltage and the applied DC working 
voltage exceed the rated DC surge voltage. 


SURGE VOLTAGE TEST 

Appropriate surge voltage shall be applied to the test capacitor(s) 
through a 1000 ohm series limiting resistor for 30 seconds. The test 
capacitors shall then be discharged through the 1000 ohm resistor for 
5% minutes. This charge discharge cycle shall be repeated 2000 times. 

Following the surge test the following requirements must be met: 

A. Capacitance shall not change more than +5%. 

B. Dissipation Factor shall meet initial requirements. 

C. DC Leakage Current shall meet initial requirements. 


CAPACITANCE RATINGS 

The 40SS Type Capacitors are available from .0047 MFD to 330 MFD 
in an incremental series of nominal values so chosen that the minimum 
and maximum allowable tolerance of two successive ratings overlap. In 
the tabulation of standard ratings you will find nominal ratings for +10% 
tolerance series. 

Intermediate values for a +5% and +20% tolerance series are avail- 
able on special order. 
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CAPACITANCE MEASUREMENT 


40SS Type capacitors are measured on a polarized capacitance bridge. 
The measurements are made at, or referred to, 120 hz and 25°C conditions. 
The AC measuring signal shall be limited to 2 volts peak and have a 
frequency of 120 hz. The bridge shall have a DC polarizing voltage large 
enough to prevent a reversal of polarity by the AC measuring voltage and 
at the same time the peak AC measuring voltage and at the same time 
the peak AC should not exceed the rated DC working voltage of the 
capacitor. 


CAPACITANCE CHANGE WITH TEMPERATURES 

One of the most significant characteristics of the “40SS” Type Capaci- 
tor Series is the relatively small change in capacitance at temperature 
extremes compared to other types of electrolytic capacitors. 

The change in capacitance from the initial 25°C measured capacitance 
shall not exceed the following percentages: 


MAX. CHANGE 
TEMPERATURE | IN CAPACITANCE 


DISSIPATION FACTOR 

DF shall be measured on a polarized bridge, at or referred to 120 cps 
at 25°C. The maximum DC bias shall be 2.2 VDC for all AC measure- 
ments. The magnitude of the AC signal shall be limited to 1.0 VRMS. 


The DF so determined shall not exceed: 
0.01 uf to 56 uf 
68 uf to 120 uf 
150 uf and Up 


6% DF maximum 
8% DF maximum 
10% DF maximum 


D.C. LEAKAGE CURRENT 

When measured at 25°C, rated voltage, and after a 5 minute electri- 
fication period, the values in no case need be less than 1 uA or .0O2uA/ufV, 
whichever is greater. At 85°C the leakage will not exceed 10 times the 
25°C limit and at 125°C will not exceed 12 times the 25°C limit. 


LIFE TEST 

Capacitors shall be life tested for 2000 hours at 85°C or 125°C with 
the appropriate DC working voltage applied. After life test when measured 
at 25°C the dissipation factor shall meet the initial requirement. This 
leakage current shall not be more than 125% of the original requirements 
and capacitors shall not have changed more than +10% from the initial 
value. 
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SERIES 40SS 


industrial Type Tantalum Capacitors 


PHYSICAL ENVIRONMENTS 


The 40SS Type Solid Electrolyte Tantalum Capacitors are capable 
of meeting the following requirements on environmental test. 

In the interest of standardization, these tests follow very closely the 
testing specified in military specifications on solid tantalums. They do not 
represent the maximum environment capabilities of the M/C 40SS Type. 

For more extreme conditions the M/C Capacitor Engineering Depart- 
ment should be consulted. 


LOW FREQUENCY VIBRATION 

The capacitors shall be rigidly mounted by suitable case clamps and 
subjected to a simple harmonic motion having a maximum amplitude of 
0.03" The frequency shall be varied uniformly over a frequency range 
of 10-55 Hz in approximately 1 minute at a uniform rate for a total of 
2 hours. Rated DC voltage will be applied to the units during test. During 
the last ¥ hour of test, the test units will be monitored by an instrument 
capable of detecting intermittent open or short circuits with a duration of 
.5 milliseconds or greater. 

After vibration the capacitors shall meet the initial requirements of 
dissipation factor and leakage current. The capacitance shall not change 
more than +5% from the initial measured value. 


HIGH FREQUENCY VIBRATION 

The capacitors shall be rigidly mounted by suitable case clamps and 
subjected to a simple harmonic motion having a maximum amplitude 
of 0.03" or 15G in 2 mutually perpendicular directions—1 parallel and 
1 perpendicular to the cylindrical axis. Capacitors shall withstand vibra- 
tion from 10 to 10,000 Hz at 15g without internal damage. The frequency 
shall be varied uniformly over a frequency range (f55-2000 Hz in approxi- 
mately 20 minutes at a uniform rate for a total of 4 hours. During the 
last % hour of test the test units will be monitored by an instrument 
capable of detecting intermittent open or short circuits with a duration 
of .5 milli-seconds or greater. Rated DC voltage will be applied to the 
units during test. 

After vibration the capacitors shall meet the initial requirements of 
dissipation factor and leakage current. The capacitance shall not change 
more than +5% from the initial measured value. 


PULL TEST 
With the body of the capacitor secured, the leads shall withstand a 
3 Ib. load applied in any direction for 30 seconds. 


BEND TEST 

Each capacitor lead shall be capable of withstanding 5 bends. A bend 
shall be defined as follows: 

With the capacitor vertical and a 1 Ib. weight attached to the lead, 
the capacitor body shall be slowly rotated (in approximately 5 seconds) 
to a horizontal position and then rotated to the vertical position. The 
4 succeeding bends shall then be made in the same manner but in 
alternate directions. 


MOISTURE RESISTANCE 
40SS type capacitors shall be tested in accordance with method 
106 of MIL Standard 202. The following details and exceptions shall apply: 
a. Mounting—The capacitors shall be securely mounted by normal 
mounting means during the test. This does not apply during measure- 
ments. 
b. Initial measurements are not applicable. 
c. Polarization and loading voltages are not applicable during the test. 
d. Final Measurements—With 2-6 hours after the capacitors have been 
removed from the humidity chamber following the final cycle, the 
DC leakage, capacitance and dissipation factor shall be measured 
as specified. 
e. Examinations After Test—Following the final measurements the 
capacitors shall be examined visually for evidence of corrosion, 
mechanical damage and obliteration of marking. 
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INSULATING SLEEVES 

For insulated capacitors, the insulating sleeves shall be tested as 
follows for dielectric strength and insulation resistance. 

Two wire windings shall be placed around the insulating sleeves %4" 
apart. Each winding to consist of 2 close turns of 24AWG bare copper wire. 


DIELECTRIC STRENGTH 

For dielectric strength a DC test potential of 2000 V shall be applied 
for 1 minute between the 2 windings. There shall be no breakdown of 
case insulation. 


INSULATION RESISTANCE 

For insulation resistance a DC test potential of 100 V shall be applied 
for 2 minutes. The insulation resistance shall not be less than 100 
megohms. 


SHELF LIFE TEST 

When the capacitors have been exposed to 5000 hours shelf life test 
at 85°C with no voltage applied capacitance shall not change more than 
*4% from the initial measured value. The dissipation factor shall not 
exceed 150% of the initial requirement and the leakage current shall 
meet the initial requirement. 


SHOCK 
The capacitors shall be tested for shock resistance in accordance with 
MIL Standard 202A methods 205 with the following exceptions. 
a. The capacitors shall be rigidly mounted by suitable body clamps. 
b. The capacitor shall be subjected to 20 impacts of 50g with an 11 
milli-seconds duration. Ten impacts to be applied in the direction of 
the longitudinal axis, and 10 impacts in a plane normal to the longi- 
tudinal axis of the capacitor. 
c. Rated DC voltage shall be applied to the capacitors during the shock 
test. 
The test units shall be monitored during test by an instrument capable 
of detecting intermittent open and short circuits with a duration of .5 
milli-seconds or greater. 
After test the capacitors shall meet the initial requirements of capaci- 
tance, dissipation factor and leakage requirements. 


THERMAL SHOCK AND IMMERSION CYCLING 

After the capacitors are tested as specified in 8A and 8B, the DC 
leakage current shall meet the initial requirement. The capacitance 
change shall not exceed +5% of the value measured prior to test and the 
dissipation factor shall meet the initial requirement. When examined 
visually, at least 90% of all exposed metallic surfaces shall show no evi- 
dence of harmful corrosion. When examined internally there shall be no 
evidence of dye penetration. 


THERMAL SHOCK 
Capacitors shall be tested in accordance with Method 107 of MIL 
Standard 202. The following exceptions and details shall apply: 

a. Capacitors should be conditioned at a temperature of 25°C for 15 
minutes before the first cycle of test one. 

b. The B test condition will be followed except that in the third step 
thereof, the capacitors will be subjected to a test at the highest 
applicable temperature. 

c. Measurements before and after cycling may be omitted. 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


IMMERSION CYCLING 

After temperature cycling, a capacitor test should be made following 
Method 104 set down in MIL Standard 202. The following details and 
exceptions, however, shall apply: 

a. A non-corrosive dye, Rhodamine B (tetraethylrhodamine), or its 
equivalent, shall be added in both baths in addition to steps provided 
in test condition B. 

b. Measurements after final cycle—Measurements of DC leakage, 
capacitance and dissipation factor shall be made within 30 minutes 
after the capacitors are removed from the final immersion bath. 

c. Examinations after test—The capacitors shall be visually examined 
for traces of corrosion, mechanical damage, and obliteration of 
marking. Capacitors shall then be sectioned for evidence of dye 
penetration. 


REDUCED PRESSURE 

After the capacitors have been stabilized for 5 minutes in a vacuum of 
1.69 x 10' Torr., rated DC voltage shall be applied for 1 minute. There 
shall be no voltage flash over nor shall the end seals show evidence of 
damage by this test. The capacitance, dissipation factor, and leakage 
current shall meet the initial requirements. 


LEAD MATERIAL 
Standard construction will include tin lead plated leads for soldering. 
Plain nickel leads are also available for welding. 


MARKING 

Capacitors shall be marked with Philips Components part marking rated 
capacitance, tolerance, polarity, rated DC working voltage, date code 
where space permits. Polarity will be marked on one end with a + sign 
to identify the positive terminal. 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


PHILIPS COMPONENTS PART NUMBERING SYSTEM 


A 
ibe COMMERCIAL 


O = UNSLEEVED 
1 = SLEEVED 


EXAMPLE: 
4 O S S 105 A O50 K 


CAPACITANCE TOLERANCE 
J ES" ==+10°7 M= +20 


VOLTAGE RATING © 85 C 
CASE SIZE 


CAPACITANCE IN PICOFARADS 
First two digits are significant figures 
Third is number of zeros to follow: 
105 = 1.0 uF 
106 = 10 uF 


SOLID ELECTROLYTE 
SERIES 


AXIAL LEAD 


TANTALUM CAPACITOR 


ae D 
1.500 
Ve — + 250 


Hap 


.094 
MAX —> iat E a 


s4s0zIede) winjejuel ry 


CIRCUIT DIAGRAM 


ets? 


CASE 


DIMENSIONS — INCHES (mm) 


Insulated 


Uninsulated 


d Approx. 
D D +.016 (0.41) Lead Dia. Lead Length Weight 
—.015 (0.38)} L+.031 (.079) —.015 (0.38) d+002 (0.05); I+.25 (+6.40)| Grams 


0.125 (3.18) 0.250 ( 635) 0.135 (3.43) 0.286 ( 7.26) 0.020 (0.51) 0.7 
0.175 (4.45) 0.438 (11.12) 0.185 (4.70) 0.474 (12.04) 0.020 (0.51) 1.6 
0.279 (7.10) 0.650 (16.50) 0.289 (7.34) 0.686 (17.42) 0.025 (0.64) 4.9 


0.341 (8.65) 0.750 (19.05) 


0.351 (8.92) 0.786 (19.96) 0.025 (0.64) 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


6 WVDC 


DCL 


CAPACITANCE +10% INSULATED @ 25°C 


+25°C 


378 


120Hz 


0047 
0056 
0068 


.0082 


01 


One 


015 
018 
022 
027 


033 
039 


047 


4V @ 125°C 


40SS472A006K1A 
40SS562A006K1A 
40SS682A006K1A 
40SS822A006K1A 


40SS103A006K1A 
40SS123A006K1A 
40SS153A006K1A 
40SS183A006K1A 
40SS223A006K1A 
40SS273A006K1A 


40SS333A006K1A 
40SS393A006K1A 
40SS473A006K1A 
40SS563A006K1A 
40SS683A006K1A 
40SS823A006K1A 


40SS104A006K1A 
40SS124A006K1A 
40SS154A006K1A 
40SS184A006K1A 
40SS224A006K1A 
40SS274A006K1A 


40SS334A006K1A 
40SS394A006K1A 
40SS474A006K1A 
40SS564A006K1A 
40SS684A006K1A 
40SS824A006K1A 


40SS105A006K1A 
40SS125A006K1A 
40SS155A006K1A 
40SS185A006K1A 
40SS225A006K1A 
40SS275A006K1A 


40SS335A006K1A 
40SS395A006K1A 
40SS475A006K1A 
40SS565A006K1A 
40SS685A006K1A 
40SS825A006K1A 


40SS106BO06K1A 
40SS126BOO6K1A 
40SS156BO06K1A 
40SS186BOO6K1A 
40SS226BO06K1A 
40SS276BO06K1A 


40SS336BO06K1A 
40SS396BO06K1A 
40SS476BO06K1A 
40SS566BOO6K1A 
AOSS686CO06K1A 
40SS826CO06K1A 


40SS107COO6KiA 
40SS127CO06K1A 
40SS157CO06K1A 
40SS187CO06K1A 
40SS227D006K1A 
40SS277D006K1A 
40SS337D006K1A 


TYPICAL 


Oooo 


USK (SKS) 


GIO. Clo © 


Nea 


STANDARD RATINGS 


10 WVDC DCL 

+10% INSULATED @ 25°C 
7V @ 125°C TYPICAL 

40SS472A010K1A 0.1 
40SS562A010K1A On 
40SS682A010K1A 0.1 
40SS822A010K1A 0.1 
40SS103A010K1A 0.1 
40SS123A010K1A 0.1 
40SS153A010K1A 0.1 
40SS183A010K1A 0.1 
40SS223A010K1A 0.1 
40SS273A010K1A 0.1 
40SS333A010K1A 0.1 
40SS393A010K1A 0.1 
40SS473A010K1A 0.1 
40SS563A010K1A 0.1 
40SS683A010K1A 0.1 
40SS823A010K1A 0.1 
40SS104A010K1A 0.5 
40SS124A010K1A 0.5 
40SS154A010K1A 0.5 
40SS184A010K1A Ors) 
40SS224A010K1A OS 
40SS274A010K1A OS 
40SS334A010K1A 0.5 
40SS394A010K1A 0.5 
40SS474A010K1A 0.5 
40SS564A010K1A OS 
40SS684A010K1A 0.5 
40SS824A010K1A Ol 
40SS105A010K1A 0.5 
40SS125A010K1A 0.5 
40SS155A010K1A 0.5 
40SS185A010K1A OS 
40SS225A010K1A 0.5 
40SS275A010K1A 0.5 
40SS335A010K1A (OS) 
40SS395A010K1A OS 
40SS475A010K1A (Oe) 
40SS565B010K1A 0.5 
40SS685B010K1A 120 
40SS825BO010K1A 1.0 
40SS106B010K1A 149) 
40SS126BO010K1A ie) 
40SS156BO010K1A 1.0 
40SS186B010K1A 1.0 
40SS226B010K1A 2.0 
40SS276BO10K1A 2.0 
40SS336B010K1A 2.0 
40SS396B010K1A 2.0 
40SS476C0O10K1A S10 
40SS566C010K1A 3.0 
40SS686CO010K1A 3.0 
40SS826C010K1A 3.0 
40SS107CO10K1A 6.0 
40SS127CO10K1A 6.0 
40SS157D010K1A 10.0 
40SS187D010K1A 10.0 
40SS227D010K1A 10.0 


15 WVDC 
+10% INSULATED 
10V @ 125°C 


40SS472A015K1A 
40SS562A015K1A 
40SS682A015K1A 
40SS822A015K1A 


40SS103A015K1A 
40SS123A015K1A 
40SS153A015K1A 
40SS183A015K1A 
40SS223A015K1A 
40SS273A015K1A 


40SS333A015K1A 
40SS393A015K1A 
40SS473A015K1A 
40SS563A015K1A 
40SS683A015K1A 
40SS823A015K1A 


40SS104A015K1A 
40SS124A015K1A 
40SS154A015K1A 
40SS184A015K1A 
40SS224A015K1A 
40SS274A015K1A 


40SS334A015K1A 
40SS394A015K1A 
40SS474A015K1A 
40SS564A015K1A 
40SS684A015K1A 
40SS824A015K1A 


40SS105A015K1A 
40SS125A015K1A 
40SS155A015K1A 
40SS185A015K1A 
40SS225A015K1A 
40SS275A015K1A 


40SS335A015K1A 
40SS395B015K1A 
40SS475B015K1A 
40SS565B015K1A 
40SS685B015K1A 
40SS825B015K1A 


40SS106B015K1A 
40SS126B015K1A 
40SS156B015K1A 
40SS186B015K1A 
40SS226B015K1A 
40SS276CO015K1A 


40SS336C015K1A 
40SS396C015K1A 
40SS476CO15K1A 
40SS566C015K1A 
40SS686C015K1A 
40SS826D015K1A 


40SS107D015K1A 
40SS127D015K1A 
40SS157D015K1A 


DCL 
@ 25°C 
TYPICAL 


Tozer) 


SSS9900 cOo0000 


hol 


20 WVDC DCL 

+10% INSULATED @ 25°C 
13V @ 125°C TYPICAL 

40SS472A020K1A Ont 
40SS562A020K1A 0.1 
40SS682A020K1A 0.1 
40SS822A020K1A 0.1 
40SS103A020K1A 0.1 
40SS123A020K1A 0.1 
40SS153A020K1A 0.1 
40SS183A020K1A 0.1 
40SS223A020K1A 0.1 
40SS273A020K1A 0.1 
40SS333A020K1A 0.1 
40SS393A020K1A (om 
40SS473A020K1A 0.1 
40SS563A020K1A 0.1 
40SS683A020K1A 0.1 
40SS823A020K1A 0.1 
40SS104A020K1A 0.5 
40SS124A020K1A 0.5 
40SS154A020K1A 0.5 
40SS184A020K1A OS 
40SS224A020K1A 0.5 
40SS274A020K1A 05 
40SS334A020K1A 0.5 
40SS394A020K1A O'S 
40SS474A020K1A 0.5 
40SS564A020K1A 0.5 
40SS684A020K1A 0.5 
40SS824A020K1A OS 
40SS105A020K1A (Os) 
40SS125A020K1A 05 
40SS155A020K1A 0.5 
40SS185A020K1A 0.5 
40SS225A020K1A 0.5 
40SS275BO020K1A OS 
40SS335B020K1A 1.0 
40SS395BO020K1A 12@ 
40SS475BO020K1A 1.0 
40SS565BO020K1A TE) 
40SS685B020K1A he) 
40SS825B020K1A 1.0 
40SS106B020K1A 1.0 
40SS126B020K1A 2.0 
40SS156BO020K1A 3.0 
40SS186CO20K1A 3.0 
40SS226CO20K1A 3.0 
40SS276CO020K1A 310 
40SS336C020K1A 3.0 
40SS396CO20K1A 3.0 
40SS476CO20K1A 6.0 
40SS566D020K1A 6.0 
40SS686D020K1A 6.0 
40SS826D020K1A 6.0 
40SS107D020K1A 10.0 
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SERIES 40SS 


Industrial Type Tantalum Capacitors 


35 WVDC 


CAPACITANCE +10% INSULATED 


+25°C 120 Hz 


.0047 
.0056 
.0068 
.0082 


23V @ 125°C 


40SS472A035K1A 
40SS562A035K1A 
40SS682A035K 1A 
40SS822A035K1A 


40SS103A035K1A 
40SS123A035K1A 
40SS153A035K1A 
40SS183A035K1A 
40SS223A035K1A 
40SS273A035K1A 


40SS333A035K 1A 
40SS393A035K1A 
40SS473A035K1A 
40SS563A035K1A 
40SS683A035K 1A 
40SS823A035K1A 


40SS104A035K1A 
40SS124A035K1A 
40SS154A035K1A 
40SS184A035K1A 
40SS224A035K1A 
40SS274A035K1A 


40SS334A035K1A 
40SS394A035K1A 
40SS474A035K1A 
40SS564A035K1A 
40SS684A035K1A 
40SS824A035K1A 


40SS105A035K1A 
40SS125B035K1A 
40SS155B035K1A 
40SS185BO35K1A 
40SS225B035K1A 
40SS275B035K1A 


40SS335B035K1A 
40SS395B035K1A 
40SS475B035K1A 
40SS565B035K1A 
40SS685B035K 1A 
40SS825C035K 1A 


40SS106C035K1A 
40SS126CO035K1A 
40SS156CO035K1A 
40SS186C035K1A 
40SS226C035K1A 
40SS276D035K1A 


40SS336D035K1A 
40SS396D035K 1A 
40SS476D035K1A 


DCL 
@25°C 
TYPICAL 


oe cle 


o909000 


eroKenorsie) 


STANDARD RATINGS 


50 WVDC 
+10% INSULATED 
33V @ 125°C 


40SS472A050K1A 
40SS562A050K 1A 
40SS682A050K1A 
40SS822A050K1A 


40SS103A050K1A 
40SS123A050K1A 
40SS153A050K1A 
40SS183A050K1A 
40SS223A050K1A 
40SS273A050K1A 


40SS333A050K 1A 
40SS393A050K 1A 
40SS473A050K1A 
40SS563A050K 1A 
40SS683A050K1A 
40SS823A050K 1A 


40SS104A050K1A 
40SS124A050K1A 
40SS154A050K1A 
40SS184A050K1A 
40SS224A050K1A 
40SS274A050K1A 


40SS334A050K1A 
40SS394A050K 1A 
40SS474A050K1A 
40SS564A050K1A 
40SS684A050K1A 
40SS824A050K1A 


40SS105A050K1A 
40SS125BO50K1A 
40SS155BO50K1A 
40SS185BO50K1A 
40SS225B050K1A 
40SS275BO050K1A 


40SS335B050K1A 
40SS395B050K 1A 
40SS475B050K1A 
40SS565CO50K1A 
40SS685CO050K1A 
40SS825C050K1A 


40SS106CO50K1A 
40SS126CO50K1A 
40SS156CO50K1A 
40SS186CO50K1A 
40SS226D050K1A 


|\CASE SIZE — The case size in the tabulation above is 
| indicated by the use of the eighth char- 
acter in the part number. 
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DCL 
@25°C 
TYPICAL 


Roneone) 
Eee Gas Coy 


O90000 


SOGSISe6 
DRE SE 


75 WVDC 
+10% INSULATED 
50V @ 125°C 


40SS472A075K1A 
40SS562A075K1A 
40SS682A075K1A 
40SS822A075K1A 


40SS103A075K1A 
40SS123A075K1A 
40SS153A075K1A 
40SS183A075K1A 
40SS223A075K1A 
40SS273A075K1A 


40SS333A075K1A 
40SS393A075K1A 
40SS473A075K1A 
40SS563A075K1A 
40SS683A075K1A 
40SS823A075K1A 


40SS104A075K1A 
40SS124A075K1A 
40SS154A075K1A 
40SS184A075K1A 
40SS224A075K1A 
40SS274A075K1A 


40SS334A075K1A 
40SS394A075K1A 
40SS474A075K1A 
40SS564A075K1A 
40SS684A075K1A 
40SS824B075K1A 


40SS105B075K1A 
40SS125B075K1A 
40SS155B075K1A 
40SS185B075K1A 
40SS225B075K1A 
40SS275B075K1A 


40SS335B075K1A 
40SS395B075K1A 
40SS475C075K1A 
40SS565C075K1A 
40SS685C075K1A 
40SS825C075K1A 


40SS106CO075K1A 
40SS126D075K1A 
40SS156D075K1A 


DCL 
@ 25°C 
TYPICAL 


0.5 
0.5 
0.5 
OS 


Os) 
0.5 
0.5 
0.5 
OD 
0.5 


0.5 
0.5 
OS) 
0.5 
0.5 
0.5 


0.5 
0.5 
OS 
0.5 
0.5 
OFS 


100 WVDC 
+10% INSULATED 
67V @ 125°C 


40SS472A100K1A 
40SS562A100K1A 
40SS682A100K1A 
40SS822A100K1A 


40SS103A100K1A 
40SS103A100K1A 
40SS153A100K1A 
40SS183A100K1A 
40SS223A100K1A 
40SS273A100K1A 


40SS333A 100K1A 
40SS393A100K1A 
40SS473A100K1A 
40SS563A100K1A 
40SS683A100K1A 
40SS823A100K1A 


40SS104A100K1A 
40SS124A100K1A 
40SS154A100K1A 
40SS184A100K1A 
40SS224A100K1A 
40SS274A100K1A 


40SS334A100K1A 
40SS394A100K1A 
40SS474A100K1A 
40SS564A100K1A 
40SS684B100K1A 
40SS824B100K1A 


40SS105B100K1A 
40SS125B100K1A 
40SS155B100K1A 
40SS185B100K1A 
40SS225B100K1A 
40SS275B100K1A 


DCL 
@25°C 
TYPICAL be 
05 0047 
0.5 0056 
0.5 0068 
0.5 0082 
05 01 
05 012 
0.5 015 
0.5 108 
0.5 022 
0.5 027 
0.5 033 
0.5 039 
0.5 047 
0.5 056 
0.5 068 
05 082 
0.5 1 
0.5 12 
05 15 
0.5 18 
0.5 22 
0.5 OT 
05 33 
0.5 39 
0.5 47 
0.5 56 
0.5 68 
0.5 82 
0.5 1.0 
0.5 ne 
1.0 1.5 
1.0 18 
15 29 
15 27 
3.3 
3.9 
47 
5.6 
6.8 
10. 
12. 
15. 
379 
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SERIES 40TS 


Miniature Hermetic Seal 


Solid Electrolyte Tantalum Capacitor 


| 
| 
£ 


DESCRIPTION 


Philips Components 40TS is a miniature herme- 
tically sealed solid electrolyte sintered tantalum 
anode capacitor. 

The construction offers an extremely small clean 
lead to clean lead dimension because the unique 
integral lead glass-to-metal seal eliminates the 
usual hermetic seal tubulature. This, combined 
with special dimensions, makes the 40TS ideal for 
cordwood packaging. 

CONSTRUCTION 

Each 40TS capacitor consists of a processed 
sintered tantalum anode soldered into a metal 
enclosure and hermetically sealed with an integral 
lead-glass-to-metal seal. A small amount of red 
epoxy may be utilized to protect the seal where 
lead bends are performed close to the positive 
end of the capacitor. Identical construction as 
CSRO9 of MIL 39003/02. 


CAPACITANCE 

Capacitances available are 0.0047 uf thru 39 uf 
in standard EIA decade values. Capacitance is 
measured at 120 Hz with a maximum of 1 VRMS 
and 2.2 VDC applied. Measurements are made 
at 25°C. 

DISSIPATION FACTOR 

Usually determined simultaneously with capaci- 
tance by the bridge method. The DF will generally 
conform to the following: 6% DF at 25°C, 8% 
at all other temperatures. 


380 


D.C. WORKING VOLTS | 
The maximum working voltage including ripple 
can not exceed the rated voltage for each specific 
capacitor value. Values for all temperatures is as 
follows,—linear derate applies from 85°C to 125°C: 


+85°C #125°G 
Rated Surge Rated Surge 

4 5 3 4 
6 8 4 5 
10 12 rs 9 
15 18 10 12 
20 24 1 16 
Sie 42 pee 28 
50 60 33 40 
60 69 40 46 
Fis) 86 50 58 
100 130 67 86 


D.C. LEAKAGE CURRENT 

DCL shall not exceed 0.02 uA/ufv, but need not 
be less than 1 uA when determined with a 1000 
ohm current limiting resistor in series with the 
test capacitor after a 5 minute application of 
rated voltage at 25°C. The DCL at 85°C shall 
not exceed 10 times the 25°C limits. At 125°C the 
DCL shall not exceed 12 times the 25°C limits. — 


FEATURES 

= —80 TO +125°C OPERATION 

= 4 THROUGH 100 VDC 

= EXCELLENT FOR CORDWOOD PACKAGING 
= 2 CASE SIZES 
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SERIES 40TS 


Industrial Type Tantalum Capacitors 


PART NUMBER SYSTEM 


EXAMPLE 
4 O T S 105 


1 = SLEEVED 


ie fs INDUSTRIAL 
0 = UNSLEEVED 


eae TOLERANCE 
+5% K=+10% M=+20% 


RATED VOLTAGE @ 85°C 
CASE SIZE 


CAPACITANCE IN PICOFARADS. 

First two digits are significant figures. 

Third digit is number of zeros to follow: 
105 = 1.0 uF 
106 = 10 uF 

SOLID ELECTROLYTE 
SERIES 
AXIAL LEAD 


TANTALUM CAPACITOR 


CIRCUIT DIAGRAM 


ae 


CASE 


DIMENSIONS — INCHES (mm) 


Uninsulated 


Insulated 


Lead Dia. d. 
+.005 (.01) 
—.001 (.003) 


0.087 (2.21) 
0.125 (3.51) 


0.235 (6.35) 
0.375 (9.55) 


0.090 (2.29) 
0.138 (3.51) 


0.250 (6.35) 
0.390 (9.91) 


0.016 (0.41) 
0.016 (0.41) 
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SERIES 40TS 


Industrial Type Tantalum Capacitors 


382 


Capacitance 


4 WVDC 


+10% Insulated 


40TS472T004K1A 
40TS562TO004K1A 
40TS682TO04K1A 
40TS822T004K1A 


40TS103TO004K1A 
40TS123T004K1A 
40TS153T004K1A 
40TS183T004K1A 
40TS223T004K1A 
40TS273T004K1A 


40TS333T004K1A 
40TS393T004K1A 
40TS473T004K1A 
40TS563T004K1A 
40TS683T004K1A 
40TS823T004K1A 


40TS104T004K1A 
40TS124T004K1A 
40TS154TO04K1A 
40TS184T004K1A 
40TS224T004K1A 
40TS274T004K1A 


40TS334T004K1A 
40TS394T004K1A 
40TS474T004K1A 
40TS564T004K1A 
40TS684T004K1A 
40TS824T004K1A 


40TS105TO004K1A 
40TS125TO04K1A 
40TS155T004K1A 
40TS185TO004K1A 
40TS225T004K1A 
40TS275T004K1A 


40TS335T004K1A 
40TS395T004K1A 
40TS475T004K1A 
40TS565T004K1A 
40TS685T004K1A 


40TS186X004K1A 
40TS226X004K1A 
40TS276X004K1A 
40TS336X004K1A 
40TS396X004K1A 


6 WVDC 
+10% Insulated 


40TS472TOO6K1A 
40TS562TO06K1A 
40TS682TO06K1A 
40TS822TO06K1A 


40TS103TO06K1A 
40TS123TO06K1A 
40TS153TOO6K1A 
40TS183TO06K1A 
40TS223T0O06K1A 
40TS273TOO6K1A 


40TS333TO06K1A 
40TS393T006K1A 
40TS473TOO6K1A 
40TS563TOO6K1A 
40TS683TO06K1A 
40TS823TO006K1A 


40TS104TOO6K1A 
40TS124TO06K1A 
40TS154TOO6K1A 
40TS184TOO6K1A 
40TS224TO06K1A 
40TS274T006K1A 


40TS334TO06K1A 
40TS394TO006K1A 
40TS474TOO6K1A 
40TSS64TOO6K1A 
40TS684TOO6K1A 
40TS824TOO6K1A 


40TS105TOO6K1A 
40TS125TOO6K1A 
40TS155TOO6K1A 
40TS185TOO6K1A 
40TS225TO06K1A 
40TS275TO06K1A 


40TS335TOO6K1A 
40TS395TO06K1A 
40TS475TOO6K1A 


40TS106X006K1A 
40TS126X006K1A 
40TS156X006K1A 
40TS186X006K1A 
40TS226X006K1A 
40TS276X006K1A 


STANDARD RATINGS 


10 WVDC 


+10% Insulated 


40TS472T010K1A 
40TS562T010K1A 
40TS682T010K1A 
40TS822T010K1A 


40TS103T010K1A 
40TS123T010K1A 
40TS153T010K1A 
40TS183T010K1A 
40TS223T010K1A 
40TS273T010K1A 


40TS333T010K1A 
40TS393T010K1A 
40TS473T010K1A 
40TS563T010K1A 
40TS683T010K1A 
40TS823T010K1A 


40TS104T010K1A 
40TS124T010K1A 
40TS154T010K1A 
40TS184T010K1A 
40TS224T010K1A 
40TS274T010K1A 


40TS334T010K1A 
40TS394T010K1A 
40TS474T010K1A 
40TS564T010K1A 
40TS684T010K1A 
40TS824T010K1A 


40TS105T010K1A 
40TS125T010K1A 
40TS155T010K1A 
40TS185TO10K1A 
40TS225T010K1A 
40TS275T010K1A 


40TS335T010K1A 


40TS685X010K1A 
40TS825X010K1A 


40TS106X010K1A 
40TS126X010K1A 
40TS156X010K1A 
40TS186X010K1A 


15 WVDC 
+10% Insulated 


40TS472T015K1A 
40TS562T015K1A 
40TS682T015K1A 
40TS822T015K1A 


40TS103T015K1A 
40TS123T015K1A 
40TS153T015K1A 
40TS183T015K1A 
40TS223T015K1A 
40TS273T015K1A 


40TS333T015K1A 
40TS393T015K1A 
40TS473T015K1A 
40TS563T015K1A 
40TS683T015K1A 
40TS823T015K1A 


40TS104T015K1A 
40TS124T015K1A 
40TS154T015K1A 
40TS184T015K1A 
40TS224T015K1A 
40TS274T015K1A 


40TS334T015K1A 
40TS394T015K1A 
40TS474T015K1A 
40TS564T015K1A 
40TS684T015K1A 
40TS824T015K1A 


40TS105TO15K1A 
40TS125T015K1A 
40TS155T015K1A 
40TS185TO15K1A 
40TS225T015K1A 


40TS475X015K1A 
40TS565X015K1A 
40TS685X015K1A 
40TS825X015K1A 


40TS106X015K1A 
40TS126X015K1A 
40TS156X015K1A 
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4 


Capacitance 


20 WVDC 
+10% Insulated 


40TS472T020K1A 
40TS562T020K1A 
40TS682T020K1A 
40TS822T020K1A 


40TS103T020K1A 
40TS123T020K1A 
40TS153T020K1A 
40TS183T020K1A 
40TS223T020K1A 
40TS273T020K1A 


40TS333T020K1A 
40TS393T020K1A 
40TS473T020K1A 
40TS563T020K1A 
40TS683T020K1A 
40TS823T020K1A 


40TS104T020K1A 
40TS124T020K1A 
40TS154T020K1A 
40TS184T020K1A 
40TS224T020K1A 
40TS274T020K1A 


40TS334T020K1A 
40TS394T020K1A 
40TS474T020K1A 
40TS564T020K1A 
40TS684T020K1A 
40TS824T020K1A 


40TS105TO20K1A 
40TS125T020K1A 
40TS155T020K1A 


40TS335X020K1A 
40TS395X020K1A 
40TS475X020K1A 
40TS565X020K1A 
40TS685X020K1A 
40TS825X020K1A 
40TS106X020K1A 


SERIES 40TS 


industrial Type Tantalum Capacitors 


STANDARD RATINGS 


35 WVDC 
+10% Insulated 


40TS472T035K1A 
40TS562T035K1A 
40TS682T035K1A 
40TS822T035K1A 


40TS103T035K1A 
40TS123T035K1A 
40TS153TO035K1A 
40TS183TO35K1A 
40TS223T035K1A 
40TS273T035K1A 


40TS333T035K1A 
40TS393T035K1A 
40TS473T035K1A 
40TS563TO35K1A 
40TS683T035K1A 
40TS823T035K1A 


40TS104T035K1A 
40TS124T035K1A 
40TS154T035K1A 
40TS184T035K1A 
40TS224T035K1A 
40TS274T035K1A 


40TS334T035K1A 
40TS394T035K1A 
40TS474T035K1A 
40TS564T035K1A 
40TS684T035K1A 
40TS824T035K1A 


40TS105T035K1A 


40TS185X035K1A 
40TS225X035K1A 
40TS275X035K1A 


40TS335X035K1A 
40TS395X035K1A 
40TS475X035K1A 
40TS565X035K1A 


50 WVDC 
+10% Insulated 


40TS472T050K1A 
40TS562TOSOK1A 
40TS682TOSOK1A 
40TS822TOS50K1A 


40TS103TOSOK1A 
40TS123T050K1A 
40TS153TOSOK1A 
40TS183TO50K1A 
40TS223T050K1A 
40TS273TOSOK1A 


40TS333TO050K1A 
40TS393T0SOK1A 
40TS473T0S0K1A 
40TSS563TOSOK1A 
40TS683TOSOK1A 
40TS823TOSOK1A 


40TS104TOSOK1A 
40TS124TOSOK1A 
40TS154TOSOK1A 
40TS184TOSOK1A 
40TS224T050K1A 
40TS274TOSOK1A 


40TS334T050K1A 
40TS394TOSOK1A 
40TS474T0SOK1A 


40TS155X050K1A 
40TS185X050K1A 
40TS225X050K1A 
40TS275X050K1A 


40TS335X050K1A 
40TS395X050K1A 


75 WVDC 
+10% Insulated 


40TS472T075K1A 
40TS562T075K1A 
40TS682TO75K1A 
40TS822T075K1A 


40TS103T075K1A 
40TS123T075K1A 
40TS153T075K1A 
40TS183T075K1A 
40TS223T075K1A 
40TS273T075K1A 


40TS333T075K1A 
40TS393T075K1A 
40TS473T075K1A 
40TS563T075K1A 
40TS683T075K1A 
40TS823T075K1A 


40TS104T075K1A 
40TS124T075K1A 
40TS154T075K1A 
40TS184T075K1A 
40TS224T075K1A 
40TS274T075K1A 


40TS334T075K1A 
40TS394X075K1A 
40TS474X075K1A 
40TS564X075K1A 
40TS684X075K1A 
40TS824X075K1A 


40TS105X075K1A 
40TS125X075K1A 
40TS155X075K1A 
40TS185X075K1A 
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SERIES 40XS 


Xtra-Capacitance Hermetically Sealed 
Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The Philips Components 40XS Series is a solid 
electrolyte sintered tantalum anode capacitor 
body, soldered into a tubular metal can and 
hermetically sealed with a glass-to-metal seal. 
Available in four standard sizes, insulated and 
uninsulated, the 40XS Series is manufactured 
utilizing the highly automated processing and 
assembly techniques which Philips Components 
has developed for producing established reliability 
devices. 

The 40XS Series is especially adapted for appli- 
cations involving coupling, filtering, and timing 
in those computer, industrial, and commercial cir- 
cuits requiring capacitors with more capacitance 
than available in standard devices. 


384 


FEATURES 

m —55° TO 125°C OPERATION 
= 6 THRU 60 VOLTS 

= 0.82 uf THRU 1000 uf 

= FOUR STANDARD SIZES 

= COUPLING 

= FILTERING 

= TIMING 
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SERIES 40XS 


Industrial Type Tantalum Capacitors 


STANDARD RATINGS 


6 WVDC 10 WVDC 15 WVDC 20 WVDC 
CAPACITANCE  +10% INSULATED +10% INSULATED +10% INSULATED +10% INSULATED 
+25°C 120 Hz 4V @ 125°C 7V @ 125°C 10V @ 125°C 13V @ 125°C 
82 40XS824A006K1A 40XS824A010K1A 40XS824A015K1A 40XS824A020K1A 
1.0 40XS105A006K1A 40XS105A010K1A 40XS105A015K1A 40XS105A020K1A 
132 40XS125A006K1A 40XS125A010K1A 40XS125A015K1A 40XS125A020K1A 
15 40XS155A006K1A 40XS155A010K1A 40XS155A015K1A 40XS155A020K1A 
1.8 40XS185A006K1A 40XS185A010K1A 40XS185A015K1A 40XS185A020K1A 
2.2 40XS225A006K1A 40XS225A010K1A 40XS225A015K1A 40XS225A020K1A 
a7 40XS275A006K1A 40XS275A010K1A 40XS275A015K1A 40XS275A020K1A@ 
iS 40XS335A006K 1A 40XS$335A010K1A 40XS335A015K1A 40XS335A020K1A@ 
3.9 40XS395A006K1A 40XS395A010K1A 40XS395A015K1A 40X$395A020K1A@ 
47 40XS475A006K1A 40XS475A010K1A 40XS475A015K1Ae 40XS475B020K1A 
5.6 40XS565A006K1A 40XS565A010K1A 40XS565A015K1Ae  40XS565B020K1A 
6.8 40XS685A006K1A 40XS685A010K1Ae  40XS685B015K1A 40XS685B020K1A 
8.2 40XS825A006K1A 40XS825A010K1Ae 40XS825B015K1A 40XS825B020K1A 
10 40XS106A006K1A@ 40XS106B010K1A 40XS106B015K1A 40XS 106B020K1A 
12 40XS126A006K1Ae 40XS126B010K1A 40XS126B015K1A 40XS126B020K1A 
15 40XS156BO06K1A 40XS156B010K1A 40XS156B015K1A 40XS156B020K1A 
18 40XS186BO06K1A 40XS186B010K1A 40XS186B015K1A 40XS186B020K 1A@ 
22 40XS226BO06K1A 40XS$226B010K1A 40XS226B015K1A 40XS226B020K1Ae 
27 40XS276BOO6K1A 40XS276B010K1A 40XS276B015K1A 40XS276B020K1Ae 
33 40XS336BO06K1A 40XS336B010K1A 40XS336B015K1Ae 40XS336CO20K1A 
39 40XS396BO06K1A 40XS396B010K1A 40XS396B015K1Ae  40XS396C020K1A 
47 40XS476BO06K1A 40XS476B010K1Ae 40XS476CO015K1A 40XS476C020K1A 
56 40XS566BO06K1A 40XS566BO010K14e 40XS566C015K1A 40XS566C020K1A¢@ 
68 40XS686BO06K 1A 40XS686B010K1A@e  40XS686C015K1A 40XS686C020K 1A@ 
82 40XS826BO06K1A 40XS826B010K1Ae 40XS826C015K1A 40XS826C020K 1A@ 
100 40XS107BO06K1Ae  40XS107CO10K1A 40XS107C015K1A 40XS107C020K 1A@ 
120 40XS127CO06K1A 40XS127C010K1A 40XS127C015K1A 40XS127C020K1A6¢@ 
150 40XS157COO6K1A 40XS157C010K1Ae  40XS157C015KiAe  40XS157D020K1A6© 
180 40XS187CO06K1A 40XS187C010K1A 40XS187C015K1Ae 40XS187D020K1A@ 
220 40XS227CO06K1A 40XS227C010K1A@e  40XS227D015K1Ae 
270 40XS277CO006K1A 40XS277CO010K1Ae  40XS277D015K1A6@ 
330 40XS337CO06K1A@ 40XS337D010K1A 40XS337D015K1A6¢@ 
390 40XS397CO06K1Ae 40XS397D010K1A@e 
470 40XS477CO06K1Ae 40XS477D010K1A@ 
560 40XS567D006K 1A 40XS567D010K1Ae 
680 40XS687D006K 1A@ 
820 40XS827D006K 1A@ 
1000 40XS108D006K 1A@ 
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@ ITEM AVAILABLE TO MIL-C-39003 
STYLE CSR23 


| PART NUMBER SYSTEM op ores 


[ 
EXAMPLE 


] A 
ie INDUSTRIAL 


O = UNSLEEVED 
1 = SLEEVED 


CAPACITANCE TOLERANCE 
) Sess NS See Oy AN ae10)25 
RATED VOLTAGE @ 85 C 


CASE SIZE 


CAPACITANCE IN PICOFARADS 
First two digits are significant figures 
Third digit number of zeros to follow 
LOS —eOaue 
106 = 10 uf 


SOLID ELECTROLYTE 


| SERIES 


AXIAL LEAD 


TANTALUM CAPACITOR 
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SERIES 40XS 


Industrial Type Tantalum Capacitors 


STANDARD RATINGS 


30 WVDC 35 WVDC 50 WVDC 60 WVDC 
CAPACITANCE +10% INSULATED +10% INSULATED +10% INSULATED +10% INSULATED 
+25°C 120 Hz 20V @ 125°C 23V @ 125°C 33V @ 125°C 40V @ 125°C 
82 40XS824A030K1A 40XS824A035K1A 40XS824A050K1A 40XS824A060K1A 
1.0 40XS105A030K1A 40XS105A035K1A 40XS105A050K1A 40XS105A060K1A 
ihe 40XS125A030K1A 40XS125A035K1A 40XS125A050K1A¢@ 40XS125BO060K1A 
1.5 40XS155A030K1A 40XS155A035K1A 40XS155A050K1A@ 40XS155BO60K1A 
1.8 40XS185A030K1A 40XS185A035K1Ae 40XS185BO50K1A 40XS185BO60K1A 
Die 40XS225A030K1A 40XS225B035K1A 40XS225BO50K1A 40XS225BO60K1A 
DH 40XS275A030K1A 40XS275B035K1A 40XS275BO050K1A 40XS275B060K1A 
3.8 40XS335B030K1A 40XS335B035K1A 40XS335BO50K1A 40XS335BO60K1A 
39 40XS395BO030K1A 40XS395BO035K1A 40XS395B050K1A 40XS395BO60K1A 
47 40XS475BO30K1A 40XS475B035K1A 40XS475BO50K1A 40XS475BO60K1A 
Py 5.6 40XS565B030K1A 40XS565B035K1A 40XS565B050K 1Ae 40XS565BO60K1A 
3 6.8 40XS685B030K1A 40XS685B035K1A 40XS685B050K 1A@ 40XS685CO60K1A 
4 8.2 40XS825B030K1A 40XS825B035K1Ae 40XS825C050K1A 40XS825CO60K1A 
S 10 40XS 106B030K1A 40XS106BO035K1A¢@ 40XS106CO50K1A 40XS106CO60K1A 
e 12 40XS126B030K1A 40XS126C035K1A 40XS126CO50K1A 40XS126CO60K1A 
15 40XS156B030K1A 40XS156CO035K1A 40XS156CO50K1A 40XS156CO60K1A 
= 18 40XS186BO30K1A 40XS186C035K1A 40XS186CO50K1A 40XS186CO60K1A 
22 40XS226C030K1A 40XS226C035K1A 40XS226C050K1A¢@ 40XS226CO60K1A 
e) 27 40XS276CO030K1A 40XS276C035K1A 40XS276C050K1A@e 40XS276D060K1A 
2 33 40XS336C030K1A 40XS336C035K1Ae 40XS336D050K1A@ 40XS336D060K1A 
9) 39 40XS396C030K1A 40XS396C035K1A@e 40XS396D050K1A@ 
eS 47 40XS476C030K1A 40XS476C035K1A6@ 
me, 56 40XS566C030K1A 40XS566D035K1Ae 
he 68 40XS686C030K1A 40XS686D035K1A@ 
8 82 40XS826D030K1A 
De | 
~# 100 40XS107D030K1A 


CIRCUIT DIAGRAM 


DIMENSIONS — INCHES (mm) 


D +.016 (0.41) |L +.031 (.079) | D +.016 (0.41) 
—.015 (0.38) 


d Approx. 
Lead Dia. lead Length Weight 
d +002 (0.05) | |+.25 (+6.40) | Grams 


—.015 (0.38) 


0.125 (3.18) 0.250 ( 635) 0.135 (3.43) 0.286 ( 7.26) 0.020 (0.51) 


0.175 (4.45) 0.438 (11.12) 0.185 (4.70) 0.474 (12.04) 0.020 (0.51) 


0.279 (7.10) 0.650 (16.50) 0.289 (7.34) 0.686 (17.42) 0.025 (0.64) 


0.341 (8.65) 0.750 (19.05) 0.351 (8.92) 0.786 (19.96) 0.025 (0.64) 
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SERIES 40XS 


Industrial Type Tantalum Capacitors 


DESIGN AND CONSTRUCTION 

Each 40XS type capacitor consists of a highly purified sintered 
tantalum anode body, utilizing an electrolytically fotmed oxide di- 
electric and a solid electrolyte, soldered in a metal case with axial 
leads and hermetically sealed. 


INSULATION — When specified, a MYLAR* sleeve will be placed 
over the metal can. The insulation will not soften or creep over the 
operating temperature range. 


RADIAL CONFIGURATION — When radial lead configuration is 
desired, the negative lead can be bent down the side of the metal can. 


LEADS — Lead material is Grade A nickel, tin lead plated to 
facilitate soldering. Other lead material available on request. 


MARKING—Capacitance will be marked with Philips Components 
part marking capacitance, voltage, and a + sign for polarity as a minimum. 
When space permits, capacitance tolerance and date code will be added. 


DC WORKING VOLTAGE 

40XS Series capacitors are available in 8 voltage ratings applicable 
from -55°C to 85°C without derating, and to 125°C with % linear 
derating, (see chart under para. 3). 


SURGE VOLTAGE 

The surge voltage is the maximum DC voltage, including peak AC or 
other pulses, which may be applied for short duration. 

In no case shall the sum of AC voltage and applied DC working 
voltage exceed the working voltage of the capacitor. The surge 
voltages are as follows: 


Rated WVDC up Derated SURGE VOLTAGE 
to 85°C 125°C 85°C 125°C 

6 4 8 5 
10 i 13 9 
15 10 20 12 
20 is 26 16 
30 20 40 a7. 
35 23 46 28 
50 33 65 40 
60 40 80 54 
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CAPACITANCE 

Capacitance shall be measured on a polarized bridge, at or referred 
to 120 cps at 25°C. The maximum DC bias shall be 2.2 VDC for all A.C. 
measurements. The magnitude of the A.C. signal shall be limited to 
1.0 VRMS. 


The capacitance so determined shall be within specified initial 
capacitance tolerance. 


TOLERANCE — The 40XxS Series is available in +20%, +10% and 
+5% capacitance tolerances. 


DISSIPATION FACTOR 

DF shall be measured on a polarized bridge, at or referred to 120 cps 
at 25°C. The maximum DC bias shall be 2.2 VDC for all AC measure- 
ments. The magnitude of the AC signal shall be limited to 1.0 VRMS. 


The CF so determined shall not exceed: 


0.C1uf to 56 uf 
68 uf to 120uf 
150 uf and Up 


6% DF maximum 
8% DF maximum 
10% DF maximum 


D.C. LEAKAGE CURRENT 

DCL shall not exceed 0.02 uA/ufV, but need not be less than 1uA 
when determined with a 1000 ohm current limiting resistor in series 
with the test capacitor after a 5 minute application of rated voltage at 
25°C. The DCL at 85° shall not exceed 10 times the 25°C limits. At 
125°C the DCL shall not exceed 12 times the 25°C limits. 


*Copyright, DuPont Company 
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SERIES 40YS 


Xtra-Capacitance Hermetically Sealed 
Solid Electrolyte Tantalum Capacitor 


DESCRIPTION 


The Philips Components 40YS Series is a solid 
electrolyte sintered tantalum anode capacitor body, 
soldered into a tubular metal can and hermetically 
sealed with a glass-to-metal seal. 

Available in four standard sizes, insulated and 
uninsulated, the 40YS Series is manufactured 
utilizing the highly automated processing and 
assembly techniques which Philips Components 
has developed for producing established reliability 
devices. 

The 40YS Series is especially adapted for appli- 
cations involving coupling, filtering, and timing 
in those computer, industrial, and commercial cir- 
cuits requiring capacitors with more capacitance 
than available in standard devices. 
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FEATURES 

@ —55° TO 125°C OPERATION 
= 6 THRU 60 VOLTS 

= 1.0 uf THRU 1000 uf 

= FOUR STANDARD SIZES 

= COUPLING 

# FILTERING LOW IMPEDANCE 
= TIMING 


SERIES 40YS 


Industrial Type Tantalum Capacitors 


STANDARD RATINGS 
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6 WVDC 10 WVDC 15 WVDC 20 WVDC 
CAPACITANCE +10% INSULATED +10% INSULATED +10% INSULATED +10% INSULATED 
+25°C 120 Hz 4V @ 125°C 7V @ 125°C 10V @ 125°C 13V @ 125°C 

1.0 40YS105A006K1A 40YS105A010K1A 40YS105A015K1A 40YS105A020K1A 
ithe 40YS125A006K1A 40YS125A010K1A 40YS125A015K1A 40YS125A020K1A 
1.5 40YS155A006K1A 40YS155A010K1A 40YS155A015K1A 40YS155A020K1A 
1.8 40YS185A006K1A 40YS185A010K1A 40YS185A015K1A 40YS185A020K1A 
2.2 40YS225A006K1A 40YS225A010K1A 40YS225A015K1A 40YS225A020K1A 
OT 40YS275A006K1A 40YS275A010K1A 40YS275A015K1A 40YS275A020K1Ae 
3.3 40YS335A006K1A 40YS335A010K1A 40YS335A015K1A 40YS335A020K1Ae 
3.9 40YS395A006K1A 40YS395A010K1A AOYS395A015K1A 40YS395A020K1Ae 
4.7 40YS475A006K1A 40YS475A010K1A 40YS475A015K1Ae 40YS475B020K1A 
5.6 40YS565A006K1A 40YS565A010K1A 40YS565A015K1Ae 40YS565B020K1A 
6.8 40YS685A006K1A 40YS685A010K1Ae 40YS685B015K1A 40YS685B020K1A 
8.2 40YS825A006K1A 40YS825A010K1A6¢ 40YS825B015K1A 40YS825B020K1A 
10 40YS106A006K1Ae 40YS106B010K1A 40YS106B015K1A 40YS106B020K1A 
12 40YS126A006K1Ae 40YS125B010K1A 40YS126B015K1A 40YS126B020K1A 
15 40YS156BO06K1A 40YS156BO010K1A 40YS156B015K1A 40YS156B020K1A 
18 40YS186BO06K1A 40YS186B010K1A 40YS186B015K1A 40YS186B020K1Ae 
22 40YS226BO06K1A 40YS226B010K1A 40YS226B015K1A 40YS226B020K1Ae 
27 40YS276BOO6K1A 40YS276B010K1A 40YS276B015K1A 40YS276B020K1Ae 
33 40YS336BO06K1A 40YS336B010K1A 40YS336B015K1A 40YS336C020K1A 
39 40YS396BO06K1A 40YS396B010K1A 40YS396B015KiAe 40YS396C020K1A 
47 40YS576BOO6K1A 40YS476B010K1Ae 40YS476C015K1A 40YS476CO20K1A 
56 40YS566BOO6K1A 40YS566B010K1Ae 40YS566C015K1A 40YS566C020K1Ae 
68 40YS686BO06K1A 40YS686B010K1Ae 40YS686C015K1A 40YS686C020K1A6¢e 
82 40YS826BO06K1A 40YS826B010K1Ae 40YS826C015K1A 40YS826C020K1Ae 
100 40YS107B006K1Ae 40YS107C010K1A 40YS107C015K1A 40YS107C020K1Ae 
120 40YS127COO6K1A 40YS127C010K1A 40YS127C015K1A 40YS127C020K1A6e 
150 40YS157COO6K1A 40YS157C010K1Ae 40YS157C015K1Ae 40YS157D020K1Ae 
180 40YS187CO06K1A 40YS187C010K1A 40YS187C015K1Ae 40YS187D020K1Ae 
220 A40YS227COO6K1A 40YS227C010K1Ae 40YS227D015K1Ae 
270 40YS277COO6K1A 40YS277C010K1Ae 40YS277D015K1Ae 
330 40YS337CO06K1Ae 40YS337D010K1A 40YS337D015K1iAe 
390 40YS397C006K1Ae 40YS397D010K1Ae 
470 A0YS477CO006K1A6¢ 40YS477D010K1Ae 
560 40YS567D006K1A 40YS567D010K1Ae 
680 40YS687D006K1A6e 
820 40YS827DO06K1Ae 
1000 40YS108D006K1Ae 
*Item available to MIL-C-39003 
style CSR33 
Aged jie. 105 A 006 K 1 =A 
PART NUMBER SYSTEM [ere 
EXAMPLE 0 = UNSLEEVED 
1 = SLEEVED 
CAPACITANCE TOLERANCE 
J=4+5% K=+10% M=+20% 


RATED VOLTAGE @ 85°C 
CASE SIZE 


CAPACITANCE IN PICOFARADS 
First two digits are significant figures 
Third digit number of zeros to follow 
105 = 10 uF 
106 10 uF 


SOLID ELECTROLYTE 
SERIES 


AXIAL LEAD 


TANTALUM CAPACITOR 
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SERIES 40YS 


industrial Type Tantalum Capacitors 


CAPACITANCE 
+25°C 120 Hz 


STANDARD RATINGS 
30 WVDC 35 WVDC 
+10% INSULATED +10% INSULATED 
20V @ 125°C 23V @ 125°C 

40YS105A030K1A 40YS105A035K1A 
40YS125A030K1A 40YS125A035K1A 
40YS155A030K1A 40YS155A035K1A 
40YS185A030K1A 40YS185A035K1Ae 
40YS225A030K1A 40YS225BO35K1A 
40YS275A030K1A 40YS275BO35K1A 
40YS335BO30K1A 40YS335B035K1A 
40YS395BO30K1A 40YS395B035K1A 
40YS475BO30K1A 40YS475B035K1A 
40YS565BO30K1A 40YS565BO35K1A 
40YS685BO30K1A 40YS685BO35K1A 
40YS825BO30K1A 40YS825B035K1Ae¢e 
40YS106BO30K1A 40YS106B035K1A¢e 
40YS126BO30K1A 40YS126CO35K1A 
40YS156BO30K1A 40YS156CO35K1A 
40YS186BO30K1A 40YS186CO035K1A 
40YS226CO30K1A 40YS226CO035KiA 
40YS276CO30K1A 40YS276CO35K1A 
40YS336C030K1A 40YS336C035KiAe 
40YS396CO30K1A 40YS396C035K1A¢e 
40YS476CO30K1A 40YS476C035K1Ae 
40YS566CO30K1A 40YS566D035K1Ae 
40YS686CO30K1A 40YS686D035K1Ae 
40YS826D030K1A 

40YS107D030K1A 


50 WVDC 
+10% INSULATED 
33V @ 125°C 


40YS105A050K1A 
40YS125A050K1A¢e 
40YS155A050K1A¢e 
40YS185BO50K1A 
40YS225BOS50K1A 
40YS275BO50K1A 


40YS335BO50K1A 
40YS395BO50K1A 
40YS475BO50K1A 
40YS565B050K1A¢ 
40YS685B050K1Ae 
40YS825COSOK1A 


40YS106COS0K1A 
40YS126CO50K1A 
40YS156CO50K1A 
40YS186COSO0K1A 
40YS226C050K1Ae 
40YS276CO50K1A¢ 


40YS336D050K1Ae 
40YS396D050K1Ae 


60 WVDC 
+10% INSULATED 
40V @ 125°C 


40YS105A060K1A 
40YS125BO60K1A 
40YS155BO60K1A 
40YS185BO60K1A 
40YS225BO60K1A 
40YS275BO60K1A 


40YS335BO60K1A 
40YS395BO60K1A 
40YS475BO60K1A 
40YS565BO60K1A 
40YS685CO60K1A 
40YS825CO60K1A 


40YS106CO60K1A 
40YS126CO60K1A 
40YS156CO60K1A 
40YS186CO60K1A 
40YS226CO60K1A 
40YS276D060K1A 


40YS336DO060K1A 


CIRCUIT DIAGRAM 


DIMENSIONS — INCHES (mm) 


Uninsulated Insulated 


d Approx. 
Lead Dia. Lead Length | Weight 
d +002 (0.05) | !|+.25 (+6.40) | Grams 


Case 
Size 


D +.016 (0.41) |L +.031 (.079) | D +.016 (0.41) 
—.015 (0.38) —.015 (0.38) 


0.125 (3.18) 0.250 ( 635) 0.135 (3.43) 0.286 ( 7.26) 0.020 (0.51) 


0.175 (4.45) 0.438 (11.12) 0.185 (4.70) 0.474 (12.04) 0.020 (0.51) 


0.279 (7.1G) 0.650 (16.50) 0.289 (7.34) 0.686 (17.42) 0.025 (0.64) 


0.341 (8.65) 0.750 (19.05) 0.351 (8.92) 0.786 (19.96) 0.025 (0.64) 
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SERIES 40YS 


Industrial Type Tantalum Capacitors 


1. DESIGN AND CONSTRUCTION 

Each 40YS type capacitor consists of a highly purified sintered 
tantalum anode body, utilizing an electrolytically formed oxide di- 
electric and a solid electrolyte, soldered in a metal case with axial 
leads and hermetically sealed. 


INSULATION — When specified, a MYLAR* sleeve will be placed 
over the metal can. The insulation will not soften or creep over the 
operating temperature range. 


RADIAL CONFIGURATION - When radial lead configuration is 
desired, the negative lead can be bent down the side of the metal can. 


LEADS - Lead material is Grade A nickel, tin lead plated to facil- 
itate soldering. Other lead material available on request. 


MARKING—Capacitance will be marked with Philips Components 
part marking capacitance, voltage, and a + sign for polarity as a minimum. 
When space permits, capacitance tolerance and date code will be added. 


2. DC WORKING VOLTAGE 

4O0YS Series capacitors are available in 8 voltage ratings applicable 
from —55°C to 85°C without derating, and to 125°C with % linear 
derating, (see chart under para. 3). 


3. SURGE VOLTAGE 

The surge voltage is the maximum DC voltage, including peak AC 
or other pulses, which may be applied for short duration. 

In no case shall the sum of AC voltage and applied DC working 
voltage exceed the working voltage of the capacitor. The surge 
voltages are as follows: 


Rated WVDC up Derated SURGE VOLTAGE 


to 85°C 125°C 85°C 125°C 

6 4 8 cS) 
10 7 13 9 
15 10 20 12 
20 13 26 16 
30 20 40 27 
35 23 46 28 
50 33 65 40 
60 40 80 54 
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4. CAPACITANCE 

Capacitance shall be measured ona polarized bridge, at or referred 
to 120 cps at 25°C. The maximum DC bias shall be 2.2 VDC for all 
A.C. measurements. The magnitude of the A.C. signa! shall be 
limited to 1.0 VRMS. 


The capacitance so determined shall be within specified initial 
+5% capacitance tolerances. 


TOLERANCE - The 40YS Series is available in +20%, +10% 
and +5% capacitance tolerances. 


5. DISSIPATION FACTOR 

DF shall be measured ona polarized bridge, at orreferredto 120 
cps at 25°C. The maximum DC bias shall be 2.2 VDC for all AC 
measurements. The magnitude of the AC signal shall be limited to 
1.0 VRMS. 


The DF so determined shall not exceed: 


0.01 uf to 56 uf 
68 uf to 120 uf 
150 uf and Up 


6% DF maximum 
8% DF maximum 
10% DF maximum 


6. D.C. LEAKAGE CURRENT 

DCL shall not exceed .02 uA/ufV, but need not be less than 1uA 
when determined with a 1000 ohm current limiting resistor in series 
with the test capacitor after a 5 minute application of rated voltage at 
25°C. The DCL at 85° shall not exceed 10 times the 25°C limits. At 
125°C the DCL shall not exceed 12 times the 25°C limits. 


7. SURGE CURRENT 
Test as specified in MIL-C-39003/6. 


*TM-DuPont Company 
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SERIES 40ZS 
High Frequency Solid Tantalum Capacitor 


DESCRIPTION FEATURES 

Philips Components type 40ZS capacitor is a fixed m= High Ripple Current 

solid electrolyte tantalum type with hermetic seal. m Low ESR | 
This construction provides an inherently long life m™ Low Impedence at High Frequency | 
and very stable electric characteristics in a tem- # Small Size 

perature range of —55 through +125°C. This = Extremely Stable Capacitance | 
capacitor provides low impedence to ripple current s‘Henrietic Seal | 
at frequencies above 1KHz through 100KHz. At at Lif | 
these frequencies, the 40ZS also provides lower il hig 3 
equivalent series resistance (ESR) than conven- ™ CSR 21 Style | 


tional type solid tantalum capacitors. Lower ESR 
means lower power loss which results in cost, 
space and weight savings. 
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SERIES 40ZS 


Industrial Type Tantalum Capacitors 


OUTLINE DRAWING AND DIMENSIONS 


ae 


CIRCUIT DIAGRAM 


CASE 


DIMENSIONS—INCHES (mm) 


| Uninsutated | slated ‘ 


D +.016 (0.41) | L+.031 (.079) D+.016 (0.41) L+.031 J Lead Dia. 
—.015 (0.38) —.015 (0.38) Max. 


d+002 (0.05) 
0.279 (7.10) 


Lead Length 
1+.25 (+6.40) 


0.650 (16.50) 0.289 (7.34) 0.686 (17.42) 0.025 (0.64) 


0.341 (8.65) 0.750 (19.05) 0.351 (8.92) 0.786 (19.96) 0.025 (0.64) 


NOTES: 


1. The case insulation shall extend .015''(0.38mm) minimum beyond each end. However, when a shrink-fitted insulation 
is used, it shall lap over the ends of the capacitor body. 

2. Lead length may be a minimum of 1-inch long for use in tape and reel automatic insertion equipment, when specified 

3. Insulation thickness is included in dimension D. 


STANDARD RATINGS 
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CAPACITANCE 6WVDC 10 WVDC 15 WVDC 20WVDC 35 WVDC 50 WVDC 
—55°C +125°C | +.10% INSULATED | +.10% INSULATED | + 49% INSULATED | +.10% INSULATED | +.10% INSULATED | +.10% INSULATED 
2 odes ee 

516 — 40ZS565CO50K1A 
6.8 = 40ZS685CO050K1A 
8.2 ES 40ZS825C050K1A 
10 = 40ZS106CO50K1A 
12 —- 40ZS126COSOK1A 
1h) _ 40ZS156CO50K1A 
18 = —_ 40ZS186CO50K1A 
22 - 40ZS226CO035K1A 40ZS226D050K1A 
27 40ZS276C020K1A | 40Z2S276D035K1A 

33 40ZS336C020K1A | 40ZS336D035K1A 

39 40ZS396C020K1A | 40ZS396D035K1A 

47 40ZS476C020K1A | 40Z2S476D035K1A 

56 _ ~ 40ZS566C015K1A | 40ZS566D020K1A 

68 = ~ 40ZS686C015K1A | 40ZS686D020K1A 

82 = 40ZS826C010K1A Ls 40ZS826D020K1A 

100 = 40ZS107CO10K1A - 40ZS107D020K1A 

120 —_ 40ZS127CO10K1A 402ZS127D015K1A 

150 40ZS157COO06K1A — 40ZS157D015K1A 

180 40ZS187COO6K1A 40ZS187D010K1A — 

220 _ 40ZS227D010K1A — 

270 40ZS277D006K1A — ~ 

330 40ZS337DO06K1A = _ 
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SERIES 40ZS 


Industrial Type Tantalum Capacitors 


ELECTRICAL DATA 
1. DC Working Voltage 


Philips Components type 40ZS is designed to operate reli- 
ably at voltages from —55°C to 125°C. This capacitor is 
offered in six different voltages: six through fifty volts. 


WORKING VOLTS 
VS. OPERATING TEMPERATURE 


ZSNA-FO< OMAYPD 


Temperature (°C) 


2. Surge Voltage and Voltage Derating 

Surge voltage is the maximum amount of voltage which may be 
applied to the capacitor. 85°C and 125°C surge voltages and 
voltage derating with temperature are shown below. 


3. Capacitance-Effective Series 


The 40ZS capacitors are measured on a polarized capacitance 
bridge. The capacitance is measured at 25°C and at 1 KHz. 
No more than two volts A.C. shall be applied and accuracy of 
the bridge will be within 2%. 


4. Capacitance Tolerance 
The 40ZS is available in 20%(M), 10%(K), 5%(J). 


5. DC Leakage Current 


DC leakage measurements will be taken after a five minute 
period of electrification, with rated DC voltage applied. 

The voltage will be applied with a 1000 Ohm, + 50 Ohm, 
resistor connected in series with the capacitor. 


The Maximum allowable DC leakage limit at 85°C will be 10 
times the maximum specified 25°C DC leakage limit. 


6. Capacitance Change with Temperature 
The maximum change is: 


Temperature Maximum Change 
°C In Capacitance 
—55 —10 
+85 +8 

alee Statice 


7. Moisture Resistance 


The Philips Components series capacitors will meet the 
moisture resistance requirements of MIL-STD 202D, method 
106. Within 6 hours of the completion of the test, the capa- 
citance will not change more than +5% from the initial 
value. The DF will not exceed the requirements. 


006 K 1 


ee 


Capacitance Tolerance 
Voltage Rating 


A 
& Industrial 


0=Unsleeved 1 = Sleeved 


M=20%, K=10%, J=5% 


Case Size 


Capacitance in Picofarads 

First two digits are significant 

Third Digit number of zeros to follow: 
157=150uF 
156=15 uF 


Solid Tantalum 


Series 


vee Surge VDC 
loltage 
WVDC Derated VDC 
85°C 125°C 
6 4 
10 7 
15 10 
20 13 
35 23 
50 Gis! 
HOW TO SPECIFY 
4 10) Z 
PART NUMBER SYSTEM 
EXAMPLE 
Axial Lead 


Tantalum Capacitor 
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ADDITIONAL APPLICATION INFORMATION 


Use: These capacitors are limited to low voltage applications. 
Their primary use is in low voltage power supply filtering circuits. 
Their low leakage current (lowest of all the tantalum types) is not 
appreciable below +85°C and, at ordinary operating temperatures, is 
comparable to good quality paper capacitors, yet they are rnuch 
smaller in size. Style CLR65 capacitors are for dc applications only - 
no reverse voltage can be tolerated. (The most common failure mode, 
electrolyte leakage due to seal failure, is primarily due to the applica- 
tion of reverse voltage.) 


Construction: These capacitors consist of a sintered-slug, acting 
as the anode, which is electrochemically treated to form a layer of 
tantalum oxide dielectric. 


Physical size comparison: 

With paper capacitors. These capacitors may utilize only 15 percent 
of the area normally required by a paper capacitor of the same 
capacitance value. 


With aluminum electrolytic capacitors. The larger the dielectric 


constant the larger the capacitance which can be realized in agiven 
space, thus a size advantage can be realized since the dielectric 
constant of tantalum oxide film is approximately 24 as compared to 8 
for an aluminum oxide. Because of differences in foil and paper- 
thickness requirements, the actual size ratio will vary with different 
capacitances and voltage ratings and may be much more than 2:1 in 
favor of the tantalum capacitor. 


Voltage ratings: The maximum dc rated voltages for these styles 
range from 6V to 125V. 


Operating temperature range (with full rated voltage applied). 


These capacitors are suitable for operation over atemperature range 
of -55°C to +85°C without derating. These capacitors may be oper- 
ated up to +125°C when properly derated, see figure -1. 
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WET TANTALUM CAPACITORS 


STYLES: CL64, CL65 (40LW) 
CLR65 (40SW) 


PERCENT OF RATED VOLTAGE 


40-4 + + t + ae + 
20 — a ===) + + > ——— | 
olilrecaes 4 | Hsodeni: taiald pti warsttdn dowel 

-55 —35 —5 25 45 65 85 105 125 


TEMPERATURE IN DEGREES CELSIUS 


FIGURE -1. Voltage derating with temperature. 


Series and parallel applications. 


Series operation. Whenever tantalum capacitors are connected 
in series for higher voltage operation, a resistor should be paralleled 
across each unit. Unless a shunt resistor is used, the dc rated voltage 
can easily be exceeded on the capacitor in the series network with 
the lowest dc leakage current. To prevent capacitor destruction, a 
resistance value not exceeding a certain maximum should be used; 
this value will depend on capacitance, average dc leakage, and 
capacitor construction. For example: For style CLR65, size T1 units 
will require a maximum resistance, in megohms, equal to 3.4 divided 
by the square root of the capacitance (in uF); size T2, 5.2/J/C: size T3, 
6.5//C; and size T4, 7.5//C. 


Parallel operation. To obtain a higher capacitance than can be 
obtained from a single capacitor, anumber of units may be connected 
in parallel. However, the sum of the peak ripple and the applied dc 
voltage should not exceed the dc rated voltage. The connecting leads 
of the parallel network should be large enough to carry the combined 
currents without reducing the effective capacitance due toseries lead 
resistance. 
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ADDITIONAL APPLICATION INFORMATION 


WET TANTALUM CAPACITORS 


Stability and life. Tantalum electrolytic capacitors have ex- 
cellent life and shelf life characteristics. Life, at higher temper- 
atures than with aluminum electrolytics, will show a compara- 
tively lower decrease in capacitance. With rated voltage 
applied, more than 10,000 hours of life can be expected at 
+85°C. All styles may be expected to operate at least 2,000 
hours at+85°C with less than 10 percent loss of capacitance. 


Because the more stable tantalum oxide film is less subject to 
dissolving the surrounding electrolyte than the film in an 
aluminum capacitor, the shelf life of the tantalum unit is much 
longer, and less re-forming is required. After storage for long 
periods, the re-forming current is low and the time is compara- 
tively short; it may be expected to take less than 10 minutes. 
These properties are affected by the storage temperature toa 
significant degree, being excellent at temperatures from-55°C 
to +25°C; good at +65°C; and relatively poor at +85°C. 


NOTE: The predominant mode of failure of the wet electrolytic 
tantalum capacitors will most probably be a “hidden” failure 
mode of high or erratic leakage current which could result ina 
catastrophic short-circuit. This is a result of electrolyte migra- 
tion past the inner seal and touching the cathodic case or 
ground. 


Reverse Voltage. Wet slug capacitors are not suitable for 
applications involving any voltage reversal. They cannot be 
operated on unbiased ac voltage or applied in nonpolar appli- 
cations involving back-to-back connections. Any ac ripple 
applied to wet slug capacitors must be superimposed on 
sufficient dc bias voltage to prevent voltage reversal. Ripple 
current is limited to small values because progressive de- 
gradation of the unit will result if the cathode (silver case) 
becomes positive during the discharge cycle. 


Max. Ripple Voltage/Current. Figure 2 indicates the maxi- 


mum allowable rms voltage or current for sintered-slug type 
capacitors at +25°C and 60 Hz. 


To determine ac capability at some other frequency, multiply 
the voltage or current values obtained from figure 2 by a cor- 
rection value from figure 3. 


To determine ac capability at some other temperature, multiply 
the voltage or current value from figure 2 or 3, ifapplicable, bya 
correction value from figure 4. 


Complex wave-shapes. When complex ripple wave-shapes 
are involved, they should be measured on an oscilloscope or 
by some other method which will give the peak rating. These 
capacitors should be limited to operation at ripple frequen- 
cies between 60 and 10,000 Hz (above 10,000 Hz, effective 
capacitance rapidly drops off). At frequencies of only a few 
hundred kHz, these tantalum units act as practically pure 
resistance. 
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FIGURE 2. Maximum allowable ripple voltage/current vs capacitance 
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ADDITIONAL APPLICATION INFORMATION 


WET TANTALUM CAPACITORS 
STYLE CLR 79 (40AW) 


impedance B. To obtain impedance at temperatures other than 25°C, 
A. Impedance in ohms at 25°C may be read directly from multiply the impedance from Curve 1 by a correction factor 
Curve 1. from Curve 2, 3 or 4. 
IMPEDANCE FOR TANTALUM WET SLUGS WET SLUG IMPEDANCE CORRECTION FACTORS 
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ADDITIONAL APPLICATION INFORMATION 


SOLID TANTALUM CAPACITORS 


STYLES CS12, CS13 (40SS) 
CSR13 (40SS) 


CSR91 (40NS) 


APPLICATION INFORMATION 


Use. These capacitors are intended for use in equipment where a 
known order of reliability is required. These electrolytic capacitors 
are the most stable and most reliable electrolytic available, having a 
longer life characteristic than any of the other electrolytic capacitors. 
Because of their passive electrolyte being solid and dry, these 
capacitors are not temperature-sensitive; they have a lower capaci- 
tance temperature characteristic than any of the other electrolytic 
capacitors. Their limitations are the relatively high leakage current, 
limited voltage range available (6 to 100 volts), anda maximum allow- 
able reverse voltage of 15 percent of the rated dc voltage at +25°C to 
1 percent at+125°C. These capacitors are generally used where low- 
frequency pulsating dc components are to be bypassed or filtered out 
and for other uses in electronic equipment where large capacitance 
values are required, where space is at a premium, and where there are 
significant quantities of shock and vibration. These capacitors are 
mainly designed forfilter, bypass, coupling, blocking, energy storage, 
and other low voltage dc applications (such as transistor circuits in 
missile, computer, and aircraft electronic equipment) where stability, 
size, weight, and shelf life are important factors. When designing tran- 
sistor, timing, phaseshifting, and vacuum-tube grid circuits, the dis- 
sipation factor and power factor should be taken into consideration. 
For bypassing resistors, a ratio of bias resistance to capacitive reac- 
tance of 10 to 1 is usually allowed. Ratios up to 20 to 1 may be usedin 
high-fidelity amplifier work or where space and economical con- 
siderations permit. In circuits where linear amplification is required, 
the amount of capacitive reactance shunting a cathode resistor will 
depend on the percentage of degenerative feedback desired. 


These capacitors are available as polarized and nonpolarized types. 
Polarized types should have their cases at the same potential as the 
negative lead; they should be used only in dc circuits with polarity 
observed. Nonpolarized types should be used where reversal of 
potential occurs. 


Construction. A porous tantalum pellet or wire serves as the anode 
of a solid tantalum capacitor. The surfaces of the anode are electro- 
chemically converted to an oxide of tantalum which serves as the 
dielectric. These surfaces are coated with an oxide semiconductor 
which is the working electrolyte in solid form. This oxide semiconduc- 
tor establishes contact with all of the complex surfaces of the 
anodized pellet and is capable of healing imperfections of the tan- 
talum oxide dielectric film. 


NOTE: In high impedance circuits, momentary breakdowns (if pre- 
sent) will self-heal; however, in low impedance circuits, their self- 
healing characteristics under momentary breakdown of the dielectric 
film will be nonexistent. The large currents in low impedance circuits 
will Cause permanent damage to the capacitor. Experience has 
shown thata circuit resistance of 30 per volt is desirable to limit poss- 
ible surge damage to the dielectric. 


Reverse voltage. These capacitors are capable of withstanding 
peak voltages in the reverse direction equal to 15 percent of their dc 
rating at +25°C; 10 percent at +55°C; 5 percent at +85°C; and 1 per- 
cent at +125°C. 


Permissible ripple voltage. These capacitors may be operated 


with an impressed ripple (ac) voltage provided the capacitors do not 
exceed their heat-dissipation limits. Total heat-dissipation limits 
depend onthe ambient operating temperature and the operating fre- 
quency. Forexample: A 1Ouf of any voltage may be operated at 3 volts 
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Capacitance. The tolerance on nominal capacitance at 100Hz is 


+20% and +10% (+5% on request). 


FIG. 1. Typical capacitance as a function of ambient temperature. 


The change in capacitance from the initial value measured at 25°C 
shall not exceed the following percentages: 
NOSo albw—55-C; 
8% at +85°C; 12% at +125°C. 
Voltage rating. These capacitors have a voltage rating over a range 
of 6 to 100 volts. 


Operating temperature range. These capacitors are suitable for 


operation over a temperature range of -55°C to +85°C. 


Voltage derating. When properly derated, these units may be oper- 
ated over a temperature range of -55° to +125°C. The derated voltage 
at +125°C is approximately 66 percent of the full rated voltage. 
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FIG. 2 Maximum. permissible voltage as a function of ambient temperature 


RMS, 60 Hz, 25°C (see Fig. 3). When this same capacitoris subjected 
to different temperatures, or different frequencies, the appropriate 
derating factors are found in Figs. 4 and 5. If this same 10 wf capacitor 
is subjected to 125° and a ripple frequency of 1000 Hz, the permis 
sible ripple voltage would be 3 x .4 x .18 which equals .216 volts. 
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ADDITIONAL APPLICATION INFORMATION 


(a un a la ee ee a! 


SOLID TANTALUM 


Series and parallel networks: 


Series. It is recommended that when these capacitors are connected 
in series, the maximum voltage across the network should not be 
greater than the lowest voltage rating of any capacitor in the network, 
or that voltage divider resistors be used to prevent over voltage on one 
or more units of the series capacitor group. 


Parallel. To obtain a higher capacitance than can be obtained froma 
single capacitor, a number of units may be connected in parallel. 
However, the sum of the peak ripple and the applied dc voltage should 
not exceed the dc working voltage of the unit with the lowest voltage 
rating. The connecting leads of the parallel network should be large 
enough to carry the combined currents without reducing the effective 
capacitance due to series lead resistance. 


Dielectric absorption. Dielectric absorption may be observed by 
the reappearance of potential across the capacitor after it has been 
shorted and the short removed. This characteristic is important in RC 
timing circuits, triggering systems, and phase-shift networks. The 
curves shown in figure 16 were established by charging capacitors for 
1 hour at rated voltage and then discharging them through a dead 


short for 1 minute. 
TAIN, 
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VOLTAGE RECOVERY 
Percent of Charging Voltage 
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100 1000 
TIME-SECONDS 
Voltage recovery was measured with a high-impedance electrometer 
at the intervals given on the curves. Increasing the ambient tempera- 
ture shifts the curves to the left and decreases the amplitude but does 
not affect the shape. Shortening charge time, lengthening discharge 
time, or decreasing charging voltage results in reduction of the peak 
amplitude of the curve, but has little effect on its shape or relative 
position. 
Comparison with aluminum electrolytics. Tantalum solid electro- 
lytic capacitors differ from aluminum electrolytics in several important 
aspects: namely, substantially indefinite shelf life, superior low temper- 
ature characteristics, complete freedom from electrolyte leakage, and 
higher operating temperatures. 
Mounting. Supplementary mounting means should be used where 
the application of these capacitors involves vibration frequencies 
above 55 Hz. 


of 1 


Increased reliability. Failure rate is a function of temperature, applied 
voltage, and circuit impedance. Increased reliability may be obtained 
by derating the temperature and applied voltage and increasing 
circuit impedances. 


DC leakage current increases when either voltage or temperature is 
increased; the rate of increase is greater at the higher values of voltage 
and temperature. A point can be reached where the dc leakage current 
will avalanche and attain proportions that will permanently damage the 
capacitor. Consequently, capacitors should never be operated above 
their rated temperature and rated voltage for that temperature. 


By increasing the circuit impedance, the leakage current is reduced. In 
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CAPACITORS 


life testing the solid tantalum capacitor, the capacitance and dissipation 
factor are very stable over long periods of time and hence are not a 
suitable measure of deterioration. Leakage current variation is a better 
indicator of capacitor condition. In the life test in MIL-C-39003, a 
maximum impedance of 3 ohms is allowed. It is recommended that a 
minimum circuit impedance of 3 ohms per applied volt be utilized to 
attain improved reliability. 
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TEMPERATURE °C 
FIG. 17: Failure rate level curves. 

NOTE: Multiply the value read from figure 17 by the 


following applicable multiplying factor. 


Circuit Impedance | Multiplying |} Circuit Impedance | Multiplying 
Ohms/Volit Factor Ohms/Volt Factor 


3 or greater 


100 


0 20 120 


Failure-rate determination. The curves presented on figure - 4 are 
the best engineering approximation of the reliability characteristics 
(random failures) for these capacitors when employed repeatedly, 
within their specification ratings, in complex electronic equipment. 
These reliability characteristics are based on ground-level severity 
experience. Failures are considered to be opens, shorts, or radical 
departures from initial characteristics. The failures are considered 
to be occurring in an unpredictable manner and in too short a period 
of time to permit detection through normal preventive maintenance. 
The curves shown on figure - 4 are based on “catastrophic failures” 
and will differ from the failure rates established in the specification, 
since the established failure rates are based on “parametric failures” 
over long term life tests at rated conditions. Figure - 4 has been extract- 
ed from MIL-HDBK-217, “Reliability Stress and Failure Rate Data for 
Electronic Equipment.” The curves have been modified from their 
original version in that the ordinate has been normalized in order to 
provide multiplier factors in place of discrete failure rate levels and in 
order that the multiplying factor for a failure rate at rated conditions is 
unity. As indicated, these curves are the best estimates based on “cata- 
st rophic failures”; however, they can provide an estimate of the relative 
effect of operating under conditions other than rated. 
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ADDITIONAL APPLICATION INFORMATION 


SOLID TANTALUM CAPACITORS 


Leakage Current 


temperature derating factor 


25 50 100 
operating voltage (% UR) — 


200 Oo 
T amb (°C) 


FIG.6. Typicaleffectofambienttemperature FIG. 7. Typical effect of operating voltage on 
on leakage current. 


Equivalent series resistance 


-100 6) 100 


leakage current. 


20 


ESR 
(Q) 


15 


10 


102 108 f (Hz) 
FIG. 8. Typical ESR as a function of frequency; case size A. 
6 


0 


102 103 f (Hz) 10* 
FIG. 9. Typical ESR as a function of frequency; case size B 
400 


The sum of the applied dc bias voltage and the peak of the ac ripple 
voltage should not exceed the dc rated voltage for the applicable 
ambient temperature. Permissible ac voltage determined from fig- 
ures 3, 4 and 5, may be applied when the dc voltage is zero or near 
zero, provided the negative peak of the ac voltage does not exceed 
the allowable reverse voltage limits of 1 volt at 125°C. 
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ae 
Eo 
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ES 
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FIG. 3. Maximum permissible ac voltage at 25°C and 60 Hz as a function 
nominal capacitance. 


temperature derating factor 


T amb (°C) 


FIG. 4. Effect of temperature on maximum permissible a.c. voltage. 


frequency derating factor 


f (Hz) 
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ADDITIONAL APPLICATION INFORMATION 


SOLID TANTALUM CAPACITORS 


ares ie SS 
H+ ss tte}—- 4 4-p+p 
— oe ellBS 


102 10° f (Hz) 104 FIG. 13. Typical impedance as a function of frequency at 25°C; case size B. 


IG. 10. Typical ESR as a function of frequency, case size C. 
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oe bose | ee i Ho ita) FIG. 15. Typical impedance as a function of frequency at 25°C; case size D. 
FIG. 12. Typical impedance as a function of frequency at 25°C; case size A. 
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Tape and Reel 
Packaging 


Philips Components offers lead tape 
and reel packaging for axial leaded 
tantalum capacitors. Standard tape 
and reeling is per EIA specification 
RS-296, optional configurations for 
specific applications are available. 
Capacitors are reeled with the posi- 
tive lead oriented towards the white 
tape, negative leads oriented toward 
blue tape. Capacitor lead length may 
extend a maximum of .0625" beyond 
edge of tape. Capacitors are centered 
in a row between both tapes and will 
deviate a maximum of +.031" from 
center. 


Figures below show the standard 
Philips Components reel. Distance 
between flanges of the reel is .218" 
(+.093) greater than the overall capa- 
citor length. A minimum of 36" of 
leader tape is suppiied at both ends of 
the reeled capacitors. 


Standard Reeling Quantities 


Quantity 


White (+) 


313-3.625" 
ars 3.313-3.625 


(84.15)-(92.08) 


5" + 010 
Hole 
(15.0" = .25) 


2.062" (52.4) A& B cases 
2.5" (63.5) C & D cases 


ks .250" (6.35) Nom. 
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Tape and Ree! 
Packaging 


STANDARD PACKAGING FOR PHILIPS COMPONENTS "TAPE & REEL AVAILABLE FOR SOLIDS UPON REQUEST 
TANTALUM CAPACITOR OPERATION. THE FOLLOWING _—TO EIA SPEC. RS-296 


PACKAGING WILL BE USED UNLESS SPECIFIED OTHER— a 


WISE. FOR SPECIFIC INFORMATION ON OTHER PRODUCT 


LINES, CONTACT THE FACTORY. 
SOLID TANTALUM SERIES 


Standard Reel is 12" with Kraft interleaves as standard. Pitch is the 
distance between centerlines of the unit. Class is the distance from inside 
ape to inside tape and specified as: 

| CLASS | = 2-1/16" 

| CLASS Il = 2-1/2" 

CLASS Ill = 2-7/8" 


WET TANTALUM SERIES 


CASE FULL MIN. 
SIZE | CLASS | PITCH | REEL QTY | REEL QTY 


Pan | + [00 | 3000 [1000 


eo abe 


.400 500 400 
.400 400 300 


eoes|ooe> 
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Film Capacitors 
QUICK REFERENCE INDEX 


>LICATIONS GUIDE GENERAL (SEE INDIVIDUAL PRODUCTS FOR DETAILS) 406 
M CAPACITOR PART NUMBER DESCRIPTION (SEE INDIVIDUAL PRODUCTS FOR DETAILS 


) 407 
>HILIPS PHILIPS 
IPONENTS| SERIES VOLTAGE CAPACITANCE TOLERANCE 
SERIES 12 NC CONSTRUCTION vDC/VAC RANGE (uF) +% 


YESTER 


80-200 VDC .001 THRU 1.0 5,10 
/08D1 FILM/FOIL WRAP & POT AXIAL AVAILABLE TO 600 AVAILABLE TO 2.0 408 


708A1 | = — | METALIZED | WRAP &POT AXIAL 100-200 VDC .10 THRU 10.0 


001 THRU 6.8 5,10 
01 THRU 10.0 
: pee 10 


CARBONATE 


0881 |  — | METALIZED | WRAP & POT AXIAL 100-200 VDC 10 THRU 10.0 5,10 


100-630 VDC .01 THRU 6.8 5,10 
719B1 344 METALIZED POTTED RADIAL 63-220 VAC 


STYRENE 


VDC 63, 160, 250, 630 47PF THRU .039 
04C1 424-431 FILM/FOIL WRAPPED AXIAL VAC 25,63, 125,200 
PROPYLENE 


1OOPF THRU 033 
yscr_| a | rou | sore | mom [wees ——] 7 | 
47PF THRU .022 
001 THRU .27 
0033 THRU 3.3 
POTTED RADIAL 
pith |__| METALIZED_ | MOLDED (CAN) | TERMINAL [vac240,370 | THRUTS 3.6.10 | 


ESTER & PAPER—CLASS X VDE APPROVED 


9,10 
12,9 
1 
2,9 
5,10 


413 
418 
423 
425 
437 
452 


s40oz ede) uijig ES 


458 
DUCT TECHNICAL INFORMATION 462 
CAL CHARACTERISTIC CURVES (METALIZED & FILM/FOIL) 460,461 
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Applications Guide 


BLOCKING 
COUPLING/DECOUPLING 


BYPASSING 
FILTERING 


PULSE DISCHARGE 
ARC SUPPRESSING 


TRANSIENT VOLTAGE 
SUPPRESSION 


F/F = FILM/FOIL ONLY 


+1%, £2% FLAT T.C. 
(POLYPROP/POLYSTY,) 


TEMPERATURE CONVERSION CHART Centigrade—Fahrenheit 


OoO-NWf AMON@WWO 


FORMULA °F = (°C x 9/5) +32 °C = 


(°F-32) x 5/9 


PREFIXES OF UNITS 


Multiples and sub-multiples 


1 000 000 000 000 
1 000 000 000 

1 000 000 

1 000 

100 

10 

0.1 


1012 
108 
108 
103 
102 
10 
10-1 
10-2 
10-3 
10-6 
10-3 
10-12 
10-15 
10-18 


0.01 
0.001 
0.000 001 


(MET SE VAS Ss SD} VM SR 


Prefixes 


tera 
giga 
mega 
kilo 
hecto 
deka 
deci 
centi 
milli 
micro 
nano 
pico 
femto 
atto 


Symbols 


@ 7-035 390007%2ZOH 


AMERICAN 
WIRE GAUGE TABLE 


Nominal Dia. 
(Inches) 


.040 
032 
025 
.020 


Nominal Dia. 
(mm) 
1.02 
0.81 
0.64 
.051 


GENERAL 


PHILIPS COMPONENTS FILM CAPACITOR GENERAL PART NUMBER DESCRIPTION 


Column: ere eee 4. 5 6 7 8 9 1011 VI914-45 1617 
"7 Oe oe m 
Alpha (A) N N N A N AA N N N or N N_N AA 
ce = 
Example: £60 $BaeDiewet Cac 12 OFS! Ge Pag Os | A X (2 Significant Digits) 
fae Tov eG 4 CA Saree 6 3 0 CA (3 Significant Digits) 
Voltage | 
Case Internal 
Code Capacitance Tolerance Assignment 
Capacitance Columns 10 & 11 = Number of ‘0’ (zeros) 
Spec. Level (picofarad) Part Number Number of 
Code ‘0’ (zeros) 
Dielectric Material 1 0 
& Construction Zz 00 
3 000 
4 0000 
Enclosure Type 5 00000 
6 000000 
7. 0000000 
Lead Construction 8 00000000 
9 000000000 
0 None 


Film Capacitor Code (7) 


Column 1 = Philips Components Code 


Column 2 = Lead Construction 
0 = Axial Leaded 
1 = Radial Leaded 


Column 3 = Insulation (Enclosure) 
0 = No Coating 5 = Open 


1 = Molded 6 = Open 
2 = Epoxy 7 = Open 
3 = Conformal 8 = Wrap & Pot 
4 = Wrap 9 = Potted 


Column 4 = Dielectric Material 
A = Metalized Polyester 

B = Metalized Polycarbonate 

C = Polystyrene 

D = Polyester and Foil 

E = Polypropylene and Foil 

F = Polyester and Polypropylene 
G = Polycarbonate Foil 

H = Polypropylene Metalized 

J = Polyester and Paper 


Column 5 = Specification Level or 
Terminal Description 
1 = Standard 
2 = Special designation 
3 to 9 = Terminal description for Series 711H 


Columns 6 & 7 = Case Size Code 
See Individual Series specifications for complete 
definition by Capacitor type. 


Columns 8 & 9 = Significant Digits 
First two (2) Significant Digits of the capacitance 
in Picofarads 


NOTE 1—If Column 10 is numeric a ‘P’ will appear 
in Column 11 as a place holder. The 
numeric in Column 10 then is the 
number of ‘0’ (zeros) to follow the first 
(2) Significant Digits shown in Columns 
8 & 9 of the part number. 

Example: 10,000PF = 0.01uF = 103P 
(Columns 8,9,10,&11) 


NOTE 2-—If a numeric appears in Column 10 & 11 
no ‘P’ will be used & Columns 8, 9, & 10 
become the first (3) Significant Digits 
of the capacitance in Picofarads. The 
numeric in Column 11 then represents 
the number of ‘0’ (zeros) to follow the 
first (3) Significant Digits in Columns 
8, 9, & 10 of the part number. 
Example: 

12700 PF = 0.0127uF = 1272 
(Columns 8, 9, 10, & 11) 
(This coding is only used for small 
capacitance values. When 3 place 
Capacitance accuracy is required—see 
the Motor Run Section for Special 
Capacitance Coding on Fractional 
Capacitance Values.) 


Column 12 = Capacitance Tolerance % 


A = Special J = +5% W = +3.5% 
F=+1% H = +6% 

G=+2% K = +10% 

L = +3% M = +20% 


Columns 13, 14 & 15 = Voltage Rating (VDC) 
Voltage Rating—First two numbers are 
significant digits, third digit gives number of 
zeros. Refer to specific data sheet to determine 
VDC and/or VAC. 


Columns 16 & 17 = Internal Assignment 
Use to denote special requirements: 
lead spacing, lead length, tape and reel, etc. 
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SERIES 708D1 


Polyester & Foil Capacitors 


DESCRIPTION: 


Series 708D1 polyester/foil capacitors are round 
units wound with aluminum foil and capacitor 
grade polyester (polyethylene terephthalate) film 
dielectric. These compact rolls incorporate welded 
tinned copper clad steel wire leads and are 
wrapped with electrical grade tape and end filled. 
Philips Components has achieved a goal of provid- 
ing a film dielectric unit which when applied 
within its rating will give the highest order or reli- 
ability per dollars cost known to the industry. 


FEATURES: 


Electrical 
@ Dielectric Withstanding—250% x Rated (VDC) 
for one sec. 


@ Dissipation Factor (% @ 25°C) 
< 1.0uFD @ 1 KHz < 0.6% 
> 1.0uFD @ 60Hz < 0.6% 
@ Insulation Resistance @ 25°C 
<0.5uFD 100000 MO min. 
> 0.5uFD 50000 MQ MFD min. 
@ Maximum Capacitance Change with Temp. 
@ —55°C —10% 
@ +85°C +10% 
@ FVl25°C"F 15% 
= Standard Voltage Ratings—80, 100 & 200VDC 
@ —55°C to 85°C. Operating temperature to 
125°C with proper voltage derating 
m@ Voltage Derating @ 125°C is 50% of rated 
voltage. 


408 
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Mechanical 

@ Small size 

@ Lightweight-non metallic case welded lead con- 
struction providing strong positive contact 
terminations. i 

® Lead strength—5 Ib. axially 

@ Available bulk or tape & reel 


| 
(Quantity ordered and/or unit size may limit 7 


& reel availability) 


HOW TO SPECIFY: 


Series 708D1 Capacitors may be specified using the oo 
designation: 
(See General Part Number Description for more details) 


al 103P K 201 | 
Shes iH 
Case & AX 
Capacitance 
in (pF) 
In this example 
the first two digits | 
represent significant Internal — 
figures and last digit Assignment 
indicated the num- 
ber of zeros to follow. 
P=Place Holder Tolerance 
J =+ 5% 
K = +10% 
Voltage 
at 85°C 
800 = 80V 
101 = 100V 
201 = 200V 


SERIES 708D1 


Polyester & Foil Capacitors 


SPECIFICATIONS 
OUTLINE DRAWING TYPICAL MARKING EXAMPLE 


Nominal Capacitance 0.10uf 
es L" (max) 


D" (max) Tolerance +10% 
LEAD LENGTH: 1.63” MIN. BOTH SIDES 


POLYESTER FILM/FOIL 80VDC POLYESTER FILM/FOIL 200 VDC 
PHILIPS COMPONENTS MAX. DIMENSIONS IN INCHES | LEAD SIZE PHILIPS COMPONENTS § | Mmax.p A 
I t DIMENSIONS ININCHES {LEAD 
PART NUMBER LENGTH DIAMETER AWG PART NUMBER LENGTH DIAMETER |AWG. & 


708D1AA102P*800AX 708D1CC102P*201AX 
AA122 
AA152 
AA182 
AA222 
AA272 
AA332 
AA392 : ; 22 
AA472 : 22 


NOT AVAILABLE 
USE 200 VOLT DEVICE 


ZO8D1EC123P*800AX 


Rated Voltage DC 200VDC 


Philips Components Series 708D1 
Date Code (Yr & Wk) 9023 


-708D1 SERIES 


NOT AVAILABLE 
USE 100 VOLT DEVICE 


POLYESTER FILM/FOIL 100V0C 

708D1GC274P*101AX 
GC334 

GK394 

GK474 

RN564 

RN684 


RQ824 
RQ105 


NOTE: Higher voltage ratings and other 
tolerances available upon special 
request. 


* INSERT APPROPRIATE LETTER INTO PART NUMBER FOR TOLERANCE 
J =+5% 


= 0 : 
eS Nes le NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. __ 
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SERIES 708D1 


Tape & Reel Packaging Specifications 


—1- £2 = max. 047 Dimensions in in 


TAPE & REEL PER EIA RS296 (LATEST ISSUE) 


A B Cc 

DIA. RANGE UNIT SPACING TAPE SPACING 
.197 max .200 - 
.394 max .400 . 
5594 max .600 ‘ 


Notes: 1) For ‘“‘C’ all “B” dimensions are available in tape 
spacings of 2.062, 2.500, or 2.874 inches (some restrictions 
may apply) 
2) Reel diameter is 14 inches 
3) Special Tape & Reel dimensions available on request. 
Contact the factory. 
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SERIES 708A1 


Metalized Polyester Capacitor 


DESCRIPTION 


Series 7/08A1 metalized polyester (polyethylene 
terephthalate) dielectric wrapped with tape and 
potted in a flat oval configuration with resistance 
welded tinned copper clad steel leads. 


FEATURES 


Electrical 
@ Dielectric Withstanding—200% x rated (VDC) 
for one sec. 


@ Dissipation Factor @ 25°C <1.0% @ 1KHz 
@ Insulation Resistance @ 25°C 150000 x MFD 
min. 
@ Maximum Capacitance change with temp. 
@ 255°C —5% 
Gao G +10% 
@ +125°C +20% 


m@ Standard voltage ratings—100 & 200VDC @ 
—55°C to +85°C operation at temperatures to 
—125°C with proper voltage derating. 


@ Voltage derating @ 125°C is 50% of rated 
voltage. 

Mechanical 

# Small size 

m@ Flat—space saving configuration 

m@ Long trouble-free life 

@ Self-healing 

@ Solvent resistance 

@ Lead strength—5 Ib. pull 

B Available Bulk only 
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HOW TO SPECIFY 


Philips Components Series 708A1 Capacitors can be completely 
specified using the following designation: 
(See General Part Number Description for more details) 


708A1 104P K 201 AX 


JJ 
Tlie ah, | 
. Tolerance Internal 
Series J=+ 5% Assignment 
Case Code Re 


Voltage 

at 85°C 
Capacitance 101 = 100V 
in (pF) 201 = 200V 


In this example the 
first two digits 
represent significant 
figures and last digit 
indicates the number 
of zeros to follow. 

P = Place Holder 
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SERIES 708A1 


Metalized Polycarbonate Capacitors 


OUTLINE DRAWING 


L a >| 
Max. Max. 


Max. 


Lead Length: 1.63" Min. Both Sides | 


100VDC AT 85°C 


TYPICAL MARKING EXAMPLE 
Philips Components rated voltage (DC) 100V 
Type 708A1 
Nominal Capacitance (UF) Tol. .10 +10% 


PHILIPS COMPONENTS MAXIMUM DIMENSIONS IN INCHES 


PART NUMBER* 


708A1JC104P*101AX 
JG154 
OB224 
0G334 
OJ474 
00684 
VL105 
ZR155 
ZV205 
JZ305 
RV405 
RC505 
ZG805 
ZO0106 


200VDC AT 85°C 
MAXIMUM DIMENSIONS IN INCHES 


PHILIPS COMPONENTS 
PART NUMBER* 


708A1JJ104P*201AX 

JO154 
OL224 
OR334 
OX474 
ZV684 
ZC105 
JD155 
JD205 
RI305 

RM405 
ZO505 
CE805 
CF106 


*INSERT APPROPRIATE LETTER PART NUMBER FOR TOLERANCE: 


J== 9% 


K=+10% STANDARD 


412 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 712A1 ctype MKT) 


Metalized Polyester Capacitors 
(Philips 2222-365 thru 369 Series) 


DESCRIPTION 


Series 712A1 Metalized Polyester (Polyethylene 
Terephthalate) Film Dielectric encapsulated in a 
hard epoxy case with solder coated wire leads. 
Their high ratio of capacitance to volume affords 
an inherently high packaging density and excel- 
lent compatability with PC board assembly. 


APPLICATIONS 


For general purpose and industrial use in elec- 
tronic equipment, e.g., for coupling and decoup- 
ling applications. 


FEATURES 


Electrical 


m Rated Capacitance Range—.001 to 6.8uF 
@ Climatic Category—40/100/56 
@ Related Specification—lIEC 384-2 


# Dielectric Withstanding—160% x rated (VDC) 
terminal to terminal. 200% x rated (VDC) between 
interconnected terminals and case. 


@ Dissipation Factor 


soxez | 100 we 


= 1SOixalO “| p=225 x 104 
<130x 104] <300x 10 “4 
<130x 104 
<150x 10 4 

@ Insulation resistance— 


The insulation resistance is measured after a 
voltage has been applied for 1 min. +5 s, the 
voltage being 10+1V for the 63V version, 100 
+15V for the 100V, 250V and 400V versions 
and 500 +50V for the 630V version at Tamb = 
20°C. 
R between terminations, for 
CR<0,33pF 
63V and 100V versions > 15,000MQ 
250V, 400V and 630V versions +>30,000MOQ 
RC between terminations, for 
CR>0,33yuF 
63V and 100V versions > 5000s 
250V, 400V and 630V versions >10,000s 
R between interconnected 
terminations and case 
(foil method) 


Tee WO) © 
<75x10 4 
=f) X Ole 
= TES) ¥¢ 10) © 


C<0,1uF 
0,1 uF <C<0,47pF 
0,47 pF<C<1pF 
C>1yF 


>30,000MOQ 


= Standard Voltage Ratings—63, 100, 250, 400 & 
630VDC @+85°C 


= Storage Temperature Range——40°C to +100°C 
(Bulk Only) 


m= Storage Temperature Range——25°C to +40°C 
@<=80% RH (Tape & Reel or Ammo Pak) 


Maximum pulse load 


maximum pulse load (V/yus) 


rated 
voltage 
! 
3,5 
5 
10 8 
14 12 


55 9 15 

55 18 24 
35 35 
95 


The maximum pulse load values in the table are 
valid for pulse voltages equal to the rated voltage. 
For lower pulse voltages the given values may be 
multiplied by UR/applied voltage. 


Note: 

If the pulse requirement is satisfied, a check 
must be made to ascertain that the maximum 
dissipation is not exceeded. 


Mechanical 
#@ Low cost 


& Self-healing 


10 4 
14 6 
22 
35 


@ The body will withstand most solvent and 
aqueous liquids 


@ Long trouble-free life 
@ Tape & reel available [ .200" (5mm) lead spacing)] 


@ Strong lead pull and bend capability 


@ Lead Solderability—tested in accordance with 
MIL-STD-202, Method 208. 


@ Resistance to soldering heat with pre-heating 
capacitors mounted on a 1.6 mm board with 
non-plated holes. 

Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 2 x 5 s with interim free period of 5s 
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SERIES 712A 


Metalized Polyester Capacitors i 


HOW TO SPECIFY 


Series 712A1 capacitors can be completely specified using 
the following designation: 
(See General Part Number Description for more details) 


DIMENSIONS OF EPOXY CREEPAGE “C” 
ON STRAIGHT LEADS 


712A1 BD 104P K 251 # K =1.5 mm (.059 inch) 
| | rote 600, .900 and 1.10 Lead Spacings | 
PC Case M=+20% Special Only—Not Released ~ 
aes Size K=+10% STANDARD <3 or 5 mm (.118 or .197 inch) 
eae Je ae Contact factory for information. | 


Specification 
L=Long Lead (bulk) 
S=Short Lead (bulk) 


.200, .300, and .400 Lead Spacings 


LEAD LENGTH VS PART NUMBER CODE 


‘ T=Tape & Reel ; j = 
Capacitance A=Ammo Pack As part number codes are very important in description, i 
in (pF) W=Special the following table is presented for reference: ; 
fe eS ee LEAD SPACING 
Wes as Els 4 INCHES (mm LONG | SHORT ] 
“p cant figures Voltage 0.200 (5.08) SG Ss ] 
a d Wet dicit at 85°C 0.300 (7.62) ST } 
= ibe tenete 630=63V | Lead 0.400 (10.16) SA i 
= indicates the 101=100V Configuration 0.600 (15.24) SB" : 
dpatioe of 951=250V Lead Crimp Straight 0.900 (22.86) : 
'?) - aie 401=400V Spacing Code Code 1.10 (27.94) SE 
& P=P| ia H Id 631 =630V 100 M** 
as] —riace nolder “Not released. Special only. Contact factory for information. 
= .200 G S Minimums will apply. : 
3) “Special Crimp 300 H T 
ay Contact the factory .400 K A LEAD LENGTH 
s) 600 L B* 
P| 900 F D* 
1.100 N E cane 
*Not released; special only. Short = ie 
Contact factory for (.138/.197 inches) 
information. .200 & .300 Spacings 
Long = 17 +4mm 
.512/.826 inch 
Note: # denotes lead length, tape & reel or ammo pack. ngs 
.400 & .600 Spacings 
Long = 19 +4 mm Long = 22 +4mm 
(.591/.827 inches) (.708/1.02 inches) 
LEAD DIMENSIONS of CRIMP “A’ "900 Spacing 
SPACING CRIMP A CRIMP A SOG yn cemcee 
IN (mm) Inches mm (.826/1.14 inches) 
1.10 Spacing 
.200 (5.00 .055/.079 1.4/2.0 Long = 24 +4 mm 
(.787/1.16 inches) 
 SOOUKROZ .059/.098 1:572.5 ] 
eo ane ae ie CASE OUTLINE DRAWING All Dimensions in Inches 
3 By). | | / , i 
.600 (15.24 .078/.154 2.0/3.9 7] Fo 4 
900 (22.86 078/.154 2.0/3.9 al | 
H H 
1.100 (27.94) .078/.154 2.0/3.9 ; 
Seating 
| Plane ‘ 17. Seating 
we LEAD y ) Plane 
NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY ago mys LEAD 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. S = LENGTH f 
“a Zon 7/2 neice ae 
CRIMPED LEADS S SOE a c 
STRAIGHT LEADS 
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SERIES 712A1 


Tape & Reel/Ammo Pak Specifications 


Imax —H4< 1max 1 ange payee pT IX 


ek | tee | Ee a 
[eesti 

I ott ee VE \ 

|! 


detail A 


7Z85603.4 


Capacitors on tape. 


Cumulative pitch error: 1,0 mm/20 pitches. 
Maximum 0.5% (Tape & Reel)/5% Ammo Pak of the total number of capacitors per reel may be 
missing, but not more than 2 consecutive positions may be vacant. 


r r 340 max —— —>/52 max |=— 


z 
3 
©) 
3 
pt) 
e. 
5 
77) 


ae a 


+1 356 
30 977 85.6 92 ats 250 
“ih | max 
aa a ’ 
v oat A 
in 7290185 7285540 
S25, 
max Reel. Capacitors on tape in ammunition packing. 


Characteristics concerning taped capacitors: 


Pull-out force of the component >5N 
Pull-off force of adhesive tape > 6N 
Tearing force of tape >15N 


Storage conditions: 
Storage temperature range —25 to +40°C 
Relative humidity <80% 
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SERIES 712A1 


Metalized Polyester Capacitors 


CAP 
UF 


047 712A1XA473P*630 #G 


MEPCO/CENTRALAB 
PART NUMBER 


.200 SPACING (2e) 


XA563 
XA683 
XA823 
XA104 
XA124 
XC154 
XC184 
XC224 
XE274 
XE334 
XE394 
XF474 
XF564 
XE684 
XF824 
XG105 


.200 SPACING (2e 3e) 
712A1AB124P*630 
AB154 
AB184 
AB224 
AC274 
AD334 
AD394 
AE474 
AE564 
AE684 
AE824 
AE105 


.300 SPACING 
712A1AB124P*630 
AB154 
AB184 
AB224 
AC274 
AD334 
AD394 
AE474 
AGS64 
AG684 
AG824 
AG105 


CAP 
UF 


.010 
012 
015 
.018 


MEPCO/CENTRALAB 
PART NUMBER 


.200 SPACING (2e) 
712A1XA103P*101 
XA123 
XA153 
XA183 
XA223 
XA273 
XA333 
XA393 
XC473 
XC563 
XC683 
XC823 
XC104 


.200 SPACING (2e 3e) 
712A1AB393P*101 
AB473 


.300 SPACING 
712A1AB393P*101 
AB473 
AB563 
AB683 
AB823 
AB104 
AC124 
AD154 
AD184 
AE224 
AF274 


.400 SPACING 


BB563P7101 
BB683 
BB823 
BB104 
BB124 
BB154 
BC184 
BD224 


.600 SPACING 
712A1GD274P*101 
GD334 
GD394 
GE474 
GE564 


.900 SPACING 
712A1MF125P*101 


1.10 SPACING 
712A1RL395P*101 


RN475 
RS565 
RU685 


CAP 
UF 


MEPCO/CENTRALAB 
PART NUMBER 


.200 SPACING (2e 3e) 
712A1AB183P*251 
AB223 
AB273 
AB333 
AB393 
AB473 


300 SPACING 
712A1AB183P*251 


' 


.400 SPACING 
712A1BB273P*251 
BB333 
BB393 
BB473 


.600 SPACING 
712A1GD124P*251 
GD154 
GE184 
GF224 


.900 SPACING 
712A1MD394P*251 
ME474 
MF564 


CAP 
UF 


.0033 


.0039 
0047 


400 WDC (220 VAC RMS) 


MEPCO/CENTRALAB 
PART NUMBER 


.200 SPACING (2e 3e) 


712A1AB332P"401 #G 
#G 


AB472 
AB562 
AB682 
AB822 
AB103 
AB123 
AB153 


.300 SPACING 
712A1AB392P*401 


AB472 
AB562 
AB682 
AB822 
AB103 
AB123 
AB153 


.400 SPACING 
712A1BB102P*401 
BB122 
BB152 
BB182 
BB222 
BB272 
BB332 
BB392 
BB472 
BB562 
BB682 
BB822 
BB103 
BB123 
BB153 
BB183 
BB223 
BC273 
BC333 


.600 SPACING 
712A1GD393P*401 
GD473 
GD563 
GD683 
GE823 
GF104 


.900 SPACING 
712A1MD184P*401 
ME224 
MF274 


1. ‘A Case Codes @.200" (5.08mm) Spacing Tape & Reel or Ammo Pak Only-No Bulk 
2. ‘XN Case Codes @ .300" (7.62mm) Spacing are available bulk only. 
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CAP MEPCO/CENTRALAB 
UF PART NUMBER 


.400 SPACING 
712A1BD103P"631 


.600 SPACING 
712A1GE273P*631 


| GF333 


.900 SPACING 
712A1ME823P*631 
MF 104 
MH124 


1.10 SPACING 
712A1RR274P*631 


| 
| 
: 
{ 


ae 


: 
i 
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SERIES 712A 


Metalized Polyester Capacitors 


CASE SIZE TABLE 
DIMENSIONS IN INCHES (mm) MAXIMUM 


“H” HEIGHT INCHES | 0” WIRE DIA. 
“L" LENGTH | GUT/FORM | STRAIGHT | “T” THICKNESS | “s” spacine | LEAD SIZE 
INCHES (mm) |INCHES — (mm)|INCHES (mm) |INCHES (mm) |INCHES (mm) {AWG INCHES 
“200 INCH LEAD SPACING” (2e) (5.08mm) 


025 
025 
025 
025 


PICAL MARKING EXAMPLE (TOP VIEW) 


CAP (PF OR UF) TOLERANCE CODE 
5 VOLTAGE (DC) DIELECTRIC CODE (MKT) 


{ 


-400" (10.16) & LARGER LEAD SPACING 


AP (PF OR UF) W/O SYMBOL TOLERANCE CODE 
LTAGE (DC) W/O SYMBOL DIELECTRIC CODE (MKT) 
0" (5.08mm/7.62mm) or .300" (7.62m) LEAD SPACINGS| 


= Con _ 
_lact oT 


CAP (PF OR UF)—W/O SYMBOL 


TOL. CODE VOLTAGE (DC)—W/O SYMBOL 
-200" (5.08mm) LEAD SPACINGS 


on a specials. 
_ with Sram | 
es on |. 


0.047 
K_63 


SOrolo ole Gro © 
NNONOVNUSNNONVNY 


SS ESS aS 
DmMDmMDDMDDDMaAOo 
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SERIES 719A1 (type mkt) 


Metalized Polyester Capacitors 
(Philips-344, 370 & 371 Series) ee 


DESCRIPTION 


Nugget Series 719A1 metalized polyester (poly- 
ethylene terephthalate) dielectric encased in a 
rectangular epoxy encapsulated flame retardant 
polypropylene case with sturdy solder coated 
copper pins, they lend themselves readily to 
insertion into printed circuit cards, motherboards, 
and similar modular assemblies. 


FEATURES 

Electrical 

@ Rated capacitance range .0039 to 10 uf 
@ Climatic category 55/100/56 

@ Related specification IEC 384-2 


@ CECC 30-401-039 2nd Edition (except 2222344 
63V & 250V (.082 —1 fd) 


@ Dielectric Withstanding—160% x rated (VDC) 
terminal to terminal. 200% x rated (VDC) between 
interconnected terminals and case. 


@ Maximum pulse load 


maximum pulse load (V/s) 


9 15 6 3 | 2 


The maximum pulse load values in the table are 
valid for pulse voltages equal to the rated voltage. 
For lower pulse voltages the given values may be 
multiplied by the UR/applied voltage. 

Note: 

If the pulse load requirement is satisfied, a check 
must be made to ascertain that the maximum 
dissipation is not exceeded. 


@ Dissipation Factor 


capacitance 


C<0,1 pF 


tangent of loss angle 


=p Ory |) SOs 


100 kHz 
<200 x 104 


2222 370 


2222 371 0,1 pF<C<0,47 pF <75x104 =130x 10-4 <300 x 10% 
0,47 uwF<C<1 uF <75x 10-4 <130x 104 

C<0,1 pF <75x104 | <130x10-4 }| <250x104 
2222 344 0,1 pF<C<1 pF <75x104 <130x104 


C>1 pF 
# Insulation resistance 

The insulation resistance is measured after a 
voltage has been applied for 1 min +5 s, the volt- 


age being 10 +1V for the 63V version and 100 
418 


=75x104 | =150x104 
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+15V for the 100V, 250V and 400V versions at 

Tamb = 20°C. 

R between terminations, for CR < 0,33 uF ; 
63V and 100V versions >15,000 MO ~ 
250V and 400V versions >30,000 MO 

RC between terminations, for CR > 0,33 yF 
63 V and 100 V versions > 5,000 s 
250 V and 400 V versions >10,000 s | 


R between interconnected terminations and case ~ 
(foil method) >30,000 MQ 


m Standard Voltage Ratings—63, 100, 250 & 400° 
VDC @ +85°C 
@ Storage Temperature Range——55°C to 100°C 


m Storage Temperature Range——25°C to 40°C 
@< 80% RH (Tape & Reel or Ammo Pak) | 


Mechanical 

@ Low cost 

m™ Precisely dimensioned case—permits high © 
package density 


& Mounting feet 

@ Self-healing 

@ Lead strength—6 Ib. pull j 

@ Lead solderability—tested in accordance with © 
MIL-STD-202, Method 208. 


m@ Resistance to soldering heat with pre-heating © 
capacitors mounted on a 1.6 mm board with © 
non-plated holes. 4 
Body Temp.: 80°C 
Bath Temp.: 260°C | 
Dwell Time: 2 x 5 s with interim free period of 5 s_ 


SERIES 719A1 


Metalized Polyester Capacitors 


HOW TO SPECIFY 


Series 719A1 Capacitors can be completely specified using the following designation: 
(See General Part Number Description for more details) 


719A1 GD 104P K 251 B 
| | Specification 
Series Voltage —_L = Long Lead (bulk) 
at 85°C — Ss = Short Lead (bulk) 
ny Tape & Reel 
Case Size Tolerance = 551=250v 9 T=18mm Tomm 
Laren ty 401=400V 
J=+ 5% B= ten +.3mm 
K = +10% STANDARD —.5mm 
C=16.5mm +.3mm 
Capacitance a4 +2mm 
in (pF) REL om 
In this example the wal mm 
first two digits ee —5mm 
represent significant Y=16.5mm +.3mm 
fi d last digi 
pe eeerine cine Lead Configuration 
ber of zeros to follow. Straight 
P = Place Holder Lead Lead 
Code Spacing 
G 0.200 (5.08 mm) 
H 0.300 (7.62 mm) 
A 0.394 (10 mm) 
B 0.591 (15mm) 
D 0.886 (22.5 mm) 
E 1.080 (27.5 mm) 


OUTLINE DRAWING 


"LL" LEAD LENGTH* 


mwer L MAX r 
in olor ed 
SPACING LEAD LEAD dy 
200 137 984 020 +.004 : 
&.300 196 
.400 157 
CEE Eee rae Lo ehar: aa ee 


'S' Spacing Tolerance 


*INCHES, MIN./MAX. 5.08 mm & 7.62 mm lead spacing " 


+.012 


all other spacings +912" 


“X” CASE SIZES (.200 SPACING) ARE AVAILABLE BULK, SHORT OR LONG LEADS. ALSO TAPE & REEL OR AMMO PACK IS AVAILABLE FOR ‘X”” 
CASE SIZES. 

“A’ CASE SIZES (.300 SPACING) ARE AVAILABLE BULK, SHORT OR LONG LEADS. TAPE & REEL IS ALSO AVAILABLE FOR “‘A’ CASE SIZES. 
“C”, “@”, “M”, AND “R” CASE SIZES ARE AVAILABLE BULK ONLY WITH SHORT LEADS. 


» SOME RESTRICTIONS APPLY - NOT ALL CASE SIZE & CV VALUES AVAILABLE AS BULK, TAPE & REEL, OR AMMO PACKED. 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 719A1 


Metalized Polyester Capacitors 


CASE SIZE TABLE SERIES 719A1 
DIMENSION IN INCHES (MM) MAXIMUM 


“L’ LENGTH “H” LENGTH “T” THICKNESS IN 
INCHES MM INCHES MM INCHES MM M 


— Se 9 
oon 
Nn 
ano 


=4=N+O=C0XD=-00 
on 


oO 


ano 
oO 


NWO+ODNAHONANAMOARANARWNHNANARWNY 
Aaann 


er a 


TYPICAL MARKING EXAMPLE 
(FOR .200 & .300 LEAD SPACINGS) 
TOP VIEW: 
Rated Cap. (nf or xf), Tol. Code 0.10 K 


S4OBNIEACD Uifi-s =| 


SIDE VIEW: 
Rated VDC 100 VDC 
Code for Dielectric and MKT 
Code for Factory of Origin 
Philips Type No. 3/0 
Manufacturer |.D. PH 
Date Code (Year & Week) 8914 


(FOR .400 & LARGER LEAD SPACINGS) 
(TOP VIEW) 
Cap/Tolerance/Voltage (VDC) 0.10/10/250 


MKT Factory Code MKT 344[__] 
Philips Identification Symbol 
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SERIES 719A1 


Metalized Polyester Capacitors 


METALIZED POLYESTER TYPE 719A1 


63 VDC (40 VAC RMS) 100 VDC (63 VAC RMS) 250 VDC (160 VAC RMS) 


CAP — PHILIPS COMPONENTS CAP PHILIPS COMPONENTS CAP PHILIPS COMPONENTS CAP 
UF PART NUMBER UF PART NUMBER UF _ PART NUMBER UF 


400 VDC (220 VAC RMS) 


PHILIPS COMPONENTS 
PART NUMBER 


.200 SPACING .300 SPACING .300 SPACING 


.200 SPACING 
719A1AX392P*401 


.0082 


056 719A1XA563P"630 | 


XA683 
XA823 
XA104 
XB124 
XB154 
XB184 
XB224 
XC274 
XC334 
XC394 
XC474 
XE564 
XE684 
XE824 
XE105 


.300 SPACING 
056 719A1AX563P*630 


AX683 
AX823 
AX104 
AA124 
AA154 
AA184 
AA224 
AB274 
AB334 
AB394 
AB474 
AC564 
AC684 
AD824 
AD105 


394 SPACING 
719A1CA184P*630 


CA224 
CB274 
CB334 
CC394 
CC474 


.091 SPACING 
719A1GE564P*630 


GE684 
GF824 
GF105 
GG125 
GG155 


.886 SPACING 
719A1MH185P*630 


MH225 
MK275 
MK335 
ML395 
ML475 


1.08 SPACING 

719A1RM565P*63 
rne2s | 
anes | 
RN106 


#G 


#G 
#G 
#G 


719A1XA392P*101 #G 
G 


XA472 
XA562 
XA682 
XA822 
XA103 
XA123 
XA153 
XA183 
XA223 
XA273 
XA333 
XA393 
XA473 
XB563 
XB683 
XB823 
XB104 


.300 SPACING 
719A1AX183P*101 


AX223 
AX273 
AX333 
AX393 
AX473 
AAS563 
AA683 
AA823 
AA104 
AB124 
AB154 
AB184 
AB224 
AC274 
AC334 
AD394 
AD474 


.394 SPACING 
719A1CA823P*101 


CA104 
CA124 
CA154 
CA184 
CA224 


.991 SPACING 
719A1GD274P*101 


GD334 
GD394 
GD474 
GE564 
GE684 
GF824 
GF105 


.886 SPACING 
719A1MH125P*101 


MH155 
MK185 
MK225 
ML275 
ML335 


1.08 SPACING 
719A1RM395P*101 


RM475 
RNS65 
RM685 
RG825 
RG106 


.010 
012 
015 
.018 
022 
027 
033 
.039 
047 
.056 
.068 
.082 


719A1AX822P*251 
AX103 
AX123 
AX153 
AA183 
AA223 
AA273 
AA333 
AB393 
AB473 
AC563 
AC683 
AD823 
AD104 


91 SPACING 
a1 9A1GD823P*251 


: 


.886 SPACING 
719A1MH394P*251 


1.08 SPACING 
719A1RM125P*251 


AX472 
AX562 


.394 SPACING 


719A1CA103P*401 


.591 SPACING 


719A1GD393P*401 


GD473 
GE563 
GE683 
GF823 
GF104 
GG124 
GG154 


.886 SPACING 


719A1MH184P*401 


j 


1.08 SPACING 
719 


NOTE—# Denotes Lead Length,Tape & Reel,or AMMO Pack 
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SERIES 719A1 


Tape & Reel/AMMO Pack Specifications 


ele) ee 1 max ~~ 1 max 1 max 44+ 1 max 
+10{7 +10 y ba 
5.08mm Pitch | | 


5,08 +0.5mm Os | at 
= -0.14mm \ 


nN Woo ay +1 
+05 ! { limax i 5 0 | 
= 18 \1 
. gas £08 


Standoff Height 


18mm “4M (Standard) 
+0.3mm 2 
heer 1 +02 4027 16mm Sie (Special) 


-0,05 t 


== O7 16.5mm +0.3mm (Special) 
— 4t02 
detail A 
NOTE: 
= 


1) Cumulative pitch error: 1,0 mm/20 pitches. 
2) Max 0.5% (TAPE & REEL) 5% (AMMO PACK) of the total number of Capacitors per 
reel may be missing, but no more than 2 consecutive positions may be vacant. 


3 j 340 max aA tea 
p) | 
3 
Q. 
a 356 
g clued 77 856 92 ~"~ 
~” 
7290185 a : 5 ‘ 7285540 
Capacitors on tape in ammunition packing. 
2 Pitch <- 12,7, ¢— Vol 1 max >-+4< 1 max 1max> 44+ 1 max 
7.62mm Pitc +10 T +10 rT rH 


0 | 
’ 32 { 
9 max 
aay ignealt | Standoff Height 
0 
A 4g | } 16.5mm +0.3mm_ (Standard) 
+0,5 +2mm ; 
18mm Onn (Special) 
+ 
. 16mm pel (Special) 
ER rae aE See) : 
NOTE: +0,2 +0,2 = +02 
1) Cumulative pitch error: 1,0 mm/20 pitches. detail A f 
2) Max 0.5% (TAPE & REEL) of the total number of capacitors per reel may be missing, 
but no more than 2 consecutive positions may be vacant. 
Characteristics concerning taped capacitors: Storage conditions: 
Pull-out force of the component >5N Storage temperature range —25 {0 +4026 
Pull-off force of adhesive tape >6N Relative humidity <80% 


Tearing force of tape >15N 
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SERIES 708B1 


Metalized Polycarbonate Capacitors 


DESCRIPTION 


Series 708B1 metalized polycarbonate dielectric | 
wrapped with tape and end potted in a flat oval | 
configuration with resistance welded axial tinned 
copper clad steel leads. 


FEATURES 

Electrical 

@ Dielectric Withstanding—150% x Rated (VDC) eblz, iio. 
for one minute @ Low dissipation factor 

= Dissipation Factor @ 25°C @ Ideal for AC voltage application 
<1.0uFD @ 1KHz <0.3% @ Superior high-frequency characteristics 


>1.0uFD @ 60Hz <0.3% 


@ Lead strength—9 Ib. pull 
@ Insulation Resistance @ 25°C 


ae 
<0.10uFD 300000 Mo min. palable Bully Only 
>0.10uFD 30000 MQ x MFD min. HOW TO SPECIFY 
w Maximum Capacitance Change with Temp. pee | Uae Capacitors may be specified using the following 
= ie) eat I : 
5 ee tee a Part Number Description for more details) 
@ +125°C +2.5% oe 104P K 201 
m= Standard Voltage Ratings—100 & 200 VDC @ 
—55°C to +85°C. Operating temperatures to bd i Internal : 
+125°C with proper voltage derating. ssignmen 
@ Voltage derating @ 125°C is 50% of rated voltage. Case Size 
Mechanical riety Higletance 
# Small size K = *10% STANDARD 
@ Flat-surface-saving configuration ce ve 
™ Long trouble-free life Arn Migs 
the first two digit 101=100V 
Bocii-nealing represents significant 201=200V 
mie toranerimta Fe eerineee 
@ Low temperature coefficient of zeros to follow. 


P = Place Holder 
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SERIES 708B1 


Metalized Polycarbonate Capacitors 


708B1 SERIES 


100VDC AT 85°C 
PHILIPS COMPONENTS DIMENSIONS IN INCHES MAXIMUM 


PART NUMBER* “L’ LENGTH INCHES “W” WIDTH INCHES “T” THICKNESS INCHES LEAD aan 
AWG. 


708B11E104P*101AX 
IH154 
IL224 
NI334 


NM474 
VN684 
VT105 
VB155 
AY205 
IA305 
Il 405 
QB505 
BN106 


OUTLINE DRAWING 


\ ‘" T TYPICAL MARKING EXAMPLE 
3 pala Max =e Max = ie ' Philips Components Voltage (DC) 100V 
Type 708B1 
© ess Capacitance & Tol. 10 +10% 
3 Date Code (Yr & Wk) 8640 
2. | 


Lead Length 1.63” Min Both Sides 


200VDC AT 85°C 
PHILIPS COMPONENTS DIMENSIONS IN INCHES MAXIMUM 


PART NUMBER* “L’ LENGTH INCHES “W” WIDTH INCHES “T” THICKNESS INCHES LEAD SIZE 
AWG. 
; 22 


708B1LJ104P*201AX ; 250 
RI154 . ; 240 
RN224 300 
RU334 360 
BQ474 ; 320 
BY684 400 
BE105 460 
RY155 400 
RH205 490 
RL305 540 ) 
RT405 . 630 


ZV505 .640 
HG106 


*TOLERANCE: J = +5%, K = +10% STANDARD 
NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 


: 
: 
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SERIES 719B1 cree uc) 


Metalized Polycarbonate Capacitors 
(Philips 2222-344 Series) 


DESCRIPTION 


Nugget Series 719B1 metalized polycarbonate 
dielectric encased in a rectangular epoxy-encap- 
sulated flame retardant polypropylene case with 
sturdy solder coated terminal pins, they lend 
themselves readily to insertion into printed circuit 
cards, motherboards and similar modular 
assemblies. 


FEATURES 


Electrical 

@ Rated capacitance range .01 to 6.8 uf 

® Tolerance on rated capacitance +10%, +5% 
# Climatic category 55/100/56 

® Related specification IEC 384-6 


@ Dielectric Withstanding—160% x rated (VDC) 
terminal to terminal 
200% x rated VDC between interconnected 
terminals & case 


@ Dissipation Factor 


tangent of loss angle 


10 kHz 


<60 x 10-4 
<60 x 10-4 
Z DSO WOR 


capacitance 


100 kHz 


<30 x 10-4 <=130'x 104 
=30x 104 


<30x 104 


Cr <0,1 uF 
0,1 uF < CR <1 uF 
Cr >1 pF 


@ Insulation resistance 


The insulation resistance is measured after a 
voltage has been applied for 1 min +5 s, the 
voltage being 100 + 15V for the 100V, 250V and 
400V versions, and 500 +50V for the 630V ver- 
sion, at Tamb = 20°C. 
R between terminations, for CR<0,33 uF 
100V version > 15,000 MQ 
250V, 400V, 630V versions > 30,000 MQ 
RC between terminations, for CR>0,33 uF 
100V version >5,000 s 
250V, 400V, 630V versions >10,000 s 


R between interconnected terminations and case 
(foil method) > 30,000 MOQ 


@ Maximum pulse load 


maximum pulse load (V/s) 


13 6 
8 
13 
18 


The maximum pulse load values in the table are 
valid for pulse voltage equal to the rated voltage. 


rated 
voltage 
Vv 


30 
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For lower pulse voltages the given values may be 
multiplied by UR/applied voltage. 


Note 
If the pulse load requirement is satisfied, a check 
must be made to ascertain that the maximum 
dissipation is not exceeded. 
# Standard Voltage Ratings—100, 250, 400 
& 630 VDC @ +85°C 
63VAC, 160VAC, 220VAC @70°C 
@ Storage Temperature —55°C to +100°C 
Mechanical 
@ Low cost 
@ Precision dimensioned case—permits high 
package density 


& Mounting feet 

@ Self-healing 

# Low dissipation factor 

@ High capacitance stability with temperature 


® Resistance to soldering heat with preheating 
capacitors mounted on a 1.6 mm board with 
non-plated holes 
Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 5 s 

HOW TO SPECIFY 


Series 719B1 Capacitors may be specified using the following 
designation: 
(See General Part Number Description for more details) 


719B1 GD 104P K- 251 i B 
| 
Series ie oesccay 
Case Size J= 5Y = Standard 
K = 10% STANDARD 
Lead 
Configuration 
Capacitance P d 
5 Voltage Straight Lea 
ee at 85°C Lead Spacing 
In this example 101=100V Code 
first two digits _ 251 = 250V A 0.394 (10mm) 
represent significant 401 = 400V B 0.591 (15mm) 
figures and last digit 631 = 630V D 0.886 (22.5mm) 
indicates the number E 1.08 (27.5mm) 
of zeros to follow. i 
P = Place Holder 
425 
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SERIES 719B1 


Metalized Polycarbonate Capacitors 


100VDC (63VAC RMS) 250VDC (160VAC RMS) 


719B1 Series 


400VDC (220VAC RMS) 


630VDC (220VAC RMS) 


PHILIPS COMPONENTS PHILIPS COMPONENTS : PHILIPS COMPONENTS PHILIPS COMPONENTS 
PART NUMBER PART NUMBER PART NUMBER PART NUMBER 


719B1CA103P*631SA 


FOR THESE 
RATINGS USE 
THE CORRE- 
SPONDING 
HIGHER VOLTAGE 
LEVEL 


FOR THESE 
RATINGS USE 
THE CORRE- 
SPONDING 
HIGHER VOLTAGE 


719B1CA393P*251SA 


dee 


719B1GD823P*251SB 
GD104 
GE124 
GE154 
GF184 
GF224 
719B1GD274P*101SB GG274 


GD334 GG334 

GE394 719B1MH394P*251SD 
GE474 M 

GF564 

GF684 

GG824 

GG105 


719B1MH125P*101SD 


719B1CA823P*101SA 


DO SW WMD HH Ee 
COM NO WN NM CMD © 


Not Available 


5 OUTLINE DRAWING 


He 


—| ke d = 0.032 


CASE SIZE TABLE 


719B1CA103P*401SA 


CA123 
CA153 
CA183 
CA223 
CA273 
CA333 


719B1GD393P*401SB 


GD473 

GE563 

GE683 

GF823 

GF104 

GG124 

GG154 ; 

719B1MH184P*401SD 

MH224 

MJ274 RM274P*31SE 
MJ334 

ML394 

ML474 


719B1RM564P*401SE 


RM684 
RN824 
RN105 


Not Available Not Available 


* TOLERANCE: K = + 10% (STD), J = + 5%, 


TYPICAL MARKING EXAMPLE 


MARKING (TOP VIEW) 
CAP UF/TOLERANCE/VOLTAGE WVDC 
LAST EIGHT DIGITS OF CATALOG NUMBER 
0.10/10/250 
344/45104 


SERIES 719B1 


DIMENSION IN INCHES (mm) MAXIMUM 


“L’ LENGTH “H” HEIGHT 
INCHES 


“T” THICKNESS “S” SPACING LEAD SIZE 
INCHES mm INCHES AWG 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. AVAILABLE BULK ONLY 
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SERIES 704C 1 ype ks) 


Metalized Polycarbonate Capacitors 
(Philips 2222-341 Series) 


DESCRIPTION 


“Micro Poco” polystyrene and foil capacitors 
consist of low-inductive wound cells of metal 
foil with a polystyrene capacitor grade film. The 
cells are covered with a green plastic sleeve. The 
axial leads consist of solder coated wire. 


8 Revoniiended for Eel mearicmonit 
FEATURES Caution: Cleaning (open ends). 


Electrical @ Very high stability 
m@ Rated capacitance range 47 pF to 39,000 pF 


#@ Climatic category machine. 


63V-40/070/21 160V, 250V, 630V-40/085/21 Suitable for both point to point wiring and PC 
@ Related specification IEC 384-7 board insertion. Vertical and horizontal mount. 


@ Dielectric Withstanding—200% x Rated (VDC) = Resistance to soldering heat with pre-heating 


terminal to terminal 
200% x rated VDC between interconnected  CaPacitors mounted on a 1.6 mm board with 
non-plated holes. 


terminals & case; min. 400V Body Temp.: 80°C 


@ Dissipation Factor Bath Temp.: 260°C 
tangent of loss angle Dwell Time: rs) S 


aime HOW TO SPECIFY 


Series 704C1 capacitors may be specified using the following 
<5 x, 10-4 <10x10-4 designation: 
=5x 10-4 <10x10-4 (See General Part Number Description for more details) 
<5x10-4 <15x10-4 


capacitance 


CR < 1000 pF 
1000 pF < Cp < 10000 pF 
10000 pF < CR < 20000 pF 


Cr > 20000 pF <5x104 Ea xa One 704C1 7 
& Insulation Resistance >100,000MQ (between | 
terminations and terminations and case) Spee bel ae 
@ Temperature Coefficients (PPM/°C) - (125+60) 10-*/k Case I. J ae A=Standard 
Se rae! T=Tape and 
= Standard Voltage Ratings arian Sie 
638VDC @-—40°C to 70°C In this example 630= 63V(70°C) KS ae 
160VDC, 250VDC, 630VDC @ —40°C to +85°C the first two digits 161= 160V(85°C) oe 
‘ represent significant 951=250V(85°C) 
Mechanical figures and last digit 631=630V(85°C) 
@ Translucent sleeve to preserve marking legi- Wns tae yee 
aan . Zeros tO follow. 
bility through the manufacturing process. BeteseeHolder 
@ Low self inductance Rating eae 
10PF 
@ Low series resistance 100PF 101 
@ High precision—+1%, +2% tolerance ee ee 


m@ Very small size 
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@ Precisely centered lead—making them com- 
@ Tolerance on rated capacitance +5%, +2%,+1% patible with automatic lead cutting and bending 
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SERIES 704C1 


Polystyrene & Foil Capacitors 


TYPE 704C1 


160VDC (63VAC | ss N6OVDC (63VAC RMS) @85°C Cd @85°C 250V0C | ss 250WDC (125VAC RMS) @85°c | 125VAC RMS) @85°C 630VDC | ss B30VDC (250VAC RMS) @85°C Cd aa @85°C 


| MAX. DIMENSIONS _| ma. eae 
PHILIPS COMPONENTS PHILIPS COMPONENTS 
DI PART NUMBER’  uancTen | 


704C1AA410P*631AX] . : 


FOR THESE 
FOR THESE RATINGS USE THE 
RATINGS USE CORRESPONDING 
FOR THESE THE CORRE— HIGHER VOLTAGE 
RATINGS USE SPONDING 
THE CORRE- a VOLTAGE 
SPONDING EVEL. 
HIGHER VOLTAGE 
EVEL. 


NOT AVAILABLE NOT AVAILABLE NOT AVAILABLE 


*INSERT APPROPRIATE LETTER INTO PART NUMBER 
F=+1% (OR 1PF WHICHEVER IS GREATER) , 
G=+2% 
J=5% 


FOR CAPACITANCE RATINGS NOT LISTED REFER TO 
NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
prea st cs 
+5% Tol. E24 SERIES 
+2% Tol. E24, E48 SERIES 
+1% Tol. E24, E48, E96 SERIES 


AVAILABLE BULK OR TAPE & REEL. 
OUTLINE DRAWING 


NOMINAL CAPACITANCE 
! IN NANOFARADS OR 


Sea ey = © PICOFARADS, 


We TOLERANCE, RATED VOLTAGE 


Lead Length: 1.10 inch min. beth sides oi Saale FACTORY DATE CODE 
& CODE FOR DIELECTRIC MATERIAL 


e vie D TYPICAL MARKING EXAMPLE 
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SERIES 704C1 


Tape & Reel Packaging Specifications 


22° 30'(16x) 


-_—-— 


we > 
seniee, 
Thy 


300mm leader at 
beginning and end 


' 


Packing on bandoliers on reels 


KN 
~“@, ye ) 
wien 


or 
356 


72735841 


Fig. 11 Reel; for dimensions B see Table 9. 


1: capacitor 4: flange 
2: bandolier 5: cylinder 
3: paper 


Dimensions in mm 


7284037 


63 V version 


2 000— 5000 
6 200—39 000 


1 100—2 700 
3 000—16 000 


Characteristics concerning taped capacitors: 
Pull-out force of the component 
Tearing force of tape 
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capacitance values (pF) o 


f 
160 V version | 250 V version | 630 V version 


560— 1500 
1 600—11 000 


G3o 2 Sig 


704C1 Series 


T for number (n) of 
capacitors 


Tm =50 _[60=n=100 
5 | S(n-1)+2 | 5(n-1)+4 
10 | 10(n-1)+2 | 10(n-1)+4 
Storage conditions: 


Storage temperature range 
Relative humidity 


51— 680 
750—5 600 


>2N 
>10N 


—25' to +40°C 
<80% 
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SERIES 719C1 


(TYPE KS) 


Polystyrene & Foil Capacitors 


(Philips 2222 443 Series) | 


DESCRIPTION 


Series 719C1 polystyrene and foil capacitors 
consist of low-inductive wound cells of metal foil 
with polystyrene capacitor grade film. Encased 
in arectangular epoxy encapsulated flame retard- 
ant polypropylene case with sturdy tinned solder 
coated pins. They lend themselves readily to 
insertion into printed circuit cards, mother boards, 
and similar modular assemblies. 


APPLICATIONS 

For use in LC filters, particularly in telephone 
equipment where high requirements are imposed 
on precision, stability, humidity, dissipation fac- 
tor, and reliability. The dimensions are such that 
in combination with current available ferrites, a 
high package density is possible. 
FEATURES 


Electrical 


@ Rated capacitance range 100 to 34,000 pF 

@ Tolerance on rated capacitance +1% 

# Climatic category: Class 1 55/070/56 
Class 3 55/085/56 

@ Related specification IEC 384-7 


@ Dielectric Withstanding—200% x Rated (VDC) 
terminal to terminal. 
400 VDC between interconnected terminals & 
case (foil method). 


@ Dissipation Factor 


tangent of loss angle 


at 1 kHz at 100 kHz 


<10x10-4 
= 15 xalOnt 
SOR 
<40x10-4 
<60x 10-4 


capacitance 
at 1 MHz 


Cr< 500 pF 

500 pF<CR< 1000 pF 
1000 pF <CR<10000 pF 
10000 pF <CR<15000 pF 
15000 pF <CpR <20000 pF 
20000 pF <CR <30000 pF 
CR>30000 pF 


= XTOet 
<10x10-4 


@ Insulation resistance 
The insulation resistance is measured after a 
voltage of 10 + 1V has been applied for 1 min 
+5 s, at Tamb = 20°C. 


R between terminations >500000 MO 
R between interconnected 
terminations and case >500000 MO 


# Temperature Coefficients (PPM/°C) 
Cr < 15000PF —(125+30) x 10°°/K 
C = 15000PF —(160+40) x 10 -/K 

@ Standard Voltage Ratings— 

Class 1 (Stability Class) 68VDC 
@:=59-G to +70°C 
Class 3 (Stability Class) 683VDC 
@ —55°C to +85°C 
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Mechanical 
@ Low inductance 


@ Low series resistance 
@ High precision +1% tolerance 


™ Precisely dimensioned case—Permits high 
package density. 


= Mounting feet 
@ Flame retardant 
# Withstand most solvent and rinsing liquids 


@ Lead solderability—Tested in accordance with 
MIL-STD-202, Method 208. 


m@ Resistance to soldering heat with pre-heating 
capacitors mounted on a 1.6 mm board with 
non-plated holes. 

Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 5s 


TYPICAL MARKING EXAMPLE 
CASE SIZE “CA” (FIGURE 1) 

LINE 1: CAPACITANCE IN PF WITHOUT PF UNIT SYMBOL 
LINE 2: TOLERANCE CODE (F=+1%); RATED VOLTAGE 

VDC 
LINE 3: PRODUCTION DATE CODE; DIELECTRIC CODE 

(POLYSTYRENE=KS) 
OUTSIDE FOIL (EARTH SIDE) IS INDICATED BY A VERTICAL 
LINE TO LEFT OF 2ND AND 3RD LINE OF MARKING AND 
BY THE BEVELLED CORNER. 


CASE SIZE “CA’ 

CASE SIZES “CB” & “CC” 

LINE 1: CAPACITANCE IN PF 412P 
WITHOUT PF UNIT F 63 
SYMBOL KOKS 


LINE 2: TOLERANCE CODE 
(F=+1%), RATED 
VOLTAGE VDC 
LINE 3: PHILIPS TYPE NO. 443 
LINE 4: PRODUCTION DATE 
CODE; DIELECTRIC 
CODE (POLYSTYRENE = KS) 


CASE SIZES “CB” & “CC” 


SERIES 719C1 


Polystyrene & Foil Capacitors 


HOW TO SPECIFY: 719C1 SERIES, CAPACITANCE VALUES AVAILABLE (IN PF) 


Series 719C1 capacitors may be specified using the following 
designation: 
(See General Part Number Description for more details) 


719C1 CB 103P G 
Series rele 
. S=Standard 
Case Tolerance 
Size F=+1% 


Capacitance 


in (pF) 


Voltage 
In this example > 
the first two digits at 85°C 
represent signi- 630=63V 
ficant figures 4 
and last digit ne 
indicates the . : ee 
he es re Lead Configuration 
to follow. Straight Case Ry 
P = Place Holder LeadCode_ Size as, 
F H@AS Mounting os 
“CR” The capacitors are designed for mounting on 
AVAILABLE BULK ONLY. é ak printed-wiring boards. The required space on ?) 
the printed-wiring board for a hole diameter of A) 
1 mm is given in Figs 4, 5 and 6. 3 
Meer nigal 63 VDC-25 VAC RMS (+1% TOLERANCE ONLY) sf) 
aie FOR CAPACITANCE VALUES AVAILABLE SEE NOTE ABOVE g. 
CASE SIZE “CA” B CASE SIZE “CB” CASE SIZE “CC” 9 
ottom Bottom a” 


bee bs. 


Fig. 1 Capacitors of rated Fig. 2 Capacitors of rated Fig. 3 Capacitors of rated 
capacitance range 100 to capacitance range 100 to capacitange range 15400 
3920 pF 15000 pF. to 34000 pF. 


10.78 mm 


10,16 7,62 
7,62 5,08 7,62 5,08 (4e) (3e) 
(3e) (2e) (3e) (2e) | \ 


moa 


ley t 


Fig. 4 Required space for capacitors Fig. 5 Required space for capacitors Fig. 6 Required space for capacitors 
according to Fig. 1. | according to Fig. 2. according to Fig. 3. 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
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SERIES 7O3E1 yee xp) 


Polypropylene Film & Foil Conformal Coated — 
Capacitors (Philips 2222-460 Thru 464 Series) 


DESCRIPTION 


Polypropylene and foil capacitors consist of low 
inductive wound cells of metal foil and a poly- 
propylene film. The cell is protected by a hard, 
non-flammable water repellant, solvent resistant, 
blue epoxy coating. The long axial leads of solder- 
coated wire make the capacitors suitable for 
vertical or horizontal mounting on printed-wiring 
boards. 


APPLICATION 


For use in circuits where precision, reliability and 
low losses are of prime importance, i.e., Tuned 
Circuits, Filter Networks, Timing Networks, etc. 


FEATURES 


Electrical 

= Climatic category 40/100/56. 

@ Related specification IEC 384-13. 

@ Dielectric Withstanding—200% x Rated (VDC) 
terminals to terminals. 
200% x rated VDC between interconnected 
terminals and case, min. 400V. 

@ Dissipation Factor 


tangent of loss angle 


capacitance 


at 1MHz 


210x105 
*Single ended 
<13x107% 


Cr< 1000 pF 

1000 pF<Cr< 5000 pF 
5000 pF <CR <20000 pF 
20000 pF <CR<47000 pF 
CrR>47000 pF 


# Insulation Resistance 
The insulation resistance is measured after a 
voltage has been applied for 1 min + 5s, the 
voltage being 10 + 1V for the 63V version, 
100 + 15V for the 160V and 250V versions. 


R between terminations >100000 MOQ 
R between interconnected 
terminations and case >100000 MQ 


& Temperature coefficient 
between —40 and +20°C 
for 400V-630V (1252125), 10-7 
for 63V-160V-250V —(125+60) 10-6/K 
between +20 and +100°C —(250+120) 10-6/K 
@ Standard Voltage Ratings 
63, 160, 250, 400, & 630 VDC @ +85°C 
40, 63, 125, 160, & 200 VAC (RMS) 


m Capacitance Range (Available) 47 to 62,000 pf 
+5%+E24 DECADE 
+2%—E24 & E48 DECADE 
+1%—E24, E48, E96 DECADE™ 


B® Tolerance On Rated Capacitance: 
+5%  +2% or 2 pF whichever is greater. 
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Mechanical 
@ Low series resistance 


@ Low self inductance 


m@ Very small size 


@ Precision tolerance 


@ Precisely centered lead making them compati- 
ble with automatic lead cutting and bending 
machines. 

@ Suitable for both point to point wiring and PC 
board insertion. 


m Lead solderability—Tested in accordance with 
MIL-STD-202, Method 208. 


@ Resistance to soldering heat with pre-heating: 
capacitors mounted on a 1.6 mm board with 
non-plated holes. 

Body Temp.: 80°C 
Bath Temp.: 260°C 
Dwell Time: 5s 
=™ Storage Temperature Range —25°C to +40°C 


HOW TO SPECIFY @ = 80% RH 


Series 703E1 Capacitors may be specified using the following 
designation: (See General Part Number Description for more 
details) 


703E1 FE 103P G 161 A X 
| ‘lp Tolerance an 
Cas = 
: J=+5% ‘f ee 
Series # Gade G=+2% Voltage Axial 
| **E—+ 10% at 85°C Lead 
Capacitance 630= 63V 
_in (pF) 161=160V 
In this example 251=250V 


the first two digits = 
represent significant an ety 
figures and last digit 


indicates the number Specification 


A = Standard 
-s esr S = Single-ended (Radial) 
See Statement on 1% Tolerance. Tape & Reel 


SERIES 703E1 


Polystyrene & Foil Conformal Coated Capacitors 


CASE SIZE TABLE 


OUTLINE DRAWING ‘For clean lead to clean lead due to conformal coating 
(AXIAL STYLE) Case A is .512" max and Case F is .670" max. nee DIMENSIONS IN INCHES (MM) MAXIMUM 


= 039 | = 039 ee L” LENGTH D” DIAMETER 
ie >t 024 INCHES INCHES 
v 


re 

y FE 5.5 

0 rs z 

6.5 

FH 7.0 

Lead Length: 1.10" (28mm) Min. Both Sides FJ 7.5 

FK 8.0 
OUTLINE DRAWING 7.2 Max mm (.283") 

(RADIAL STYLE) 


TYPICAL MARKING EXAMPLE 
Nominal Capacitance (NF or PF) 10n 
Tolerance Code & Rated D.C. Voltage 
Ltot LMax 16.5 mm (.650") (without symbol) G 160 
Dielectric Code & Date Code KP 9 
Name of Manufacturer Philips 


**1% tolerance units available. However, AC may be as much as 
1.25% on parts shipped. 


Seating Plane 
holew1mm 


ee 


PHILIPS COMPONENTS PHILIPS COMPONENTS PHILIPS COMPONENTS PHILIPS COMPONENTS PHILIPS COMPONENTS 
PART NUMBER’ PART NUMBER* PART NUMBER* PART NUMBER’ PART NUMBER’ 


703E1AD470P*631AX 
AD560 
AD680 
FOR THESE RATINGS USE THE AD820 
FOR THESE RATINGS, USE THE CORRESPONDING HIGHER AD101 
CORRESPONDING HIGHER VOLTAGE LEVEL AD121 
VOLTAGE LEVEL 703E1AD151P*401AX 
AD181 
AD221 
AD271 
AD331 
AD391 
AD471 
AD561 
AD681 
AD821 
AD102 


s40ozoedey uiji4 


703E1AD122P*251AX 
AD152 
AD182 
AD222 
AD272 
AD332 
703E1AD392P*161AX FE392 
AD472 FE472 
AD562 FES62 
703E1AD682P*630AX FE682 FE682 
AD822 FE822 FE822 
FE103 FE103 FF103 
FE123 FE123 FG123 
FE153 FE153 FH153 
FE183 FF183 FJ183 
FE223 FG223 FK223 
FF273 FH273 
FG333 FJ333 
FH393 FK393 
FJ473 
pees NOT AVAILABLE NOT AVAILABLE NOT AVAILABLE NOT AVAILABLE 


CAPACITANCE TOLERANCE 


NOTICE: Misapplication such as exceeding design limits may result in destruction 


J=+5% : e : 
G=+2% or explosion of capacitors. 
F=+1%** 


STRAIGHT AXIAL LEADS AVAILABLE BULK OR ON TAPE & REEL. RADIAL LEADS TAPE & REEL ONLY. 
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SERIES 703E1 


Tape & Reel Specifications (Axial) 


Packing on bandoliers on reels 


6 
Mike Iiieece! a 


’ 


a 6252509 


Dimensions in mm 


<—_— B2 ——__» 


7284037 


Capacitors on bandoliers; for dimensions S and T, see Table 
B1-B2|— max. 1,4 mm, for dimension Lmay,, see size table. 


Capacitance values (pF) of 


160 V version 250/400/630 V version 


63 V version 


6 800— 9 100 
10 000—62 000 


T for number (n) of 
capacitors 


S 
pia 


3 600— 6 200 47— 3300 S| 5(n-1)+2 
6 800—39 000 3 600—22 000 10 | 10(n-1)+2 


50<n<100 


5(n-1)+4 
10(n-1)+4 


Characteristics concerning taped products 


22° 30'(16x) For axial leads 


=_-— i> 


Tearing force of tape 
Storage conditions 


Relative humidity 


Storage temperature range 


Pull-out force of the component 
Pull-off force of adhesive tape 


—25°C to +40°C 
<80% 


A- 
305 
3 ) or 
356 
300mm leader at J — v 
beginning and end o | See 273584 
=Note 1. 
’ ae 1: capacitor 4: flange ) 
Note 1—axial lead 80 mm/radial lead 52 mm 2: bandolier 5: cylinder 
3: paper 
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SERIES 703E1 


Tape & Reel Specifications (Radial) 


a= 30° to 40° 
a=>1,3 3 detail A 
Single ended on tape on reel. 


Pitch of components P 12,7150 
Feed hole pitch Po UA Tea Oe 
Cumulative pitch error il 1,0 per 20 spacings 

0,5 per 4 spacings a 
Feed hole centre to lead at topside atthe tape Py 3,85+0,5 ~~ 
Feed hole centre to body centre Po 6,35+1,0 = 
Lead to lead distance F 5 08 4+-0,4 —0,2 9 
Component alignment Ah 01-2 Q 
Component alignment Ap +1,0 xs] 
Tape width WwW 18,0+0,5 pT) 
Hold down tape width Wo min. 5,5 © 
Hole position W4 9,0+0,5 a 
Hold down tape position Wo2 max; 0.5 =) 
Lead wire clinch height Ho 16,0+0,5 P 
Component height H4 max. 32 
Feed hole diameter Do 4,0+0,2 
Total tape thickness t Ov O72 
Length of snipped lead e max. 11,0 
Lead wire (tape portion) shortest lead L4 mine 142.0 
Lead wire protrusion i) max. 4 


direction of 
unreeling 


Reel for single ended version. 


For radial leads 


Pull-out force of the component >5N 
Pull-off force of adhesive tape >6N 
Tearing force of tape >15N 
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SERIES 719F 1 (rype kp/MMKP) 


Polypropylene Series Construction Capacitors | 
(Philips 2222-376 Series) § & 


DESCRIPTION 


The capacitors consist of a series-constructed, 
low-inductance wound cell of polypropylene film, 
aluminum foil and double metallized polyester 
film. The cell is potted with epoxy resin in a flame 
retardent polypropylene case. The radial leads 
are of solder-coated wire. The capacitors can 
withstand solvents and rinsing liquids without 
damage. They are provided with small stand-off 
pips to allow removal of solder flux etc., when 
Cleaning the printed-wiring board. 


APPLICATION 


These capacitors are for applications where high 
Currents and steep pulses occur. They are mainly 
used for deflection circuits in television receivers, 
to operate at high peak currents at line frequency. 


FEATURES 


Electrical 

m@ Rated Capacitance Range (E12, E24 Series) 
001 uF to 0.27 uF 

@ Climatic Category 55/100/56 

@ Related Specification IEC 384-17 


@ Dielectric withstanding—160% x rated (VDC) 
terminal to terminal. 2840 VDC between inter- 
connected terminations and case. 


@ Dissipation Factor 


Rated voitage Dissipation factor @ 25°C @ 100 KHZ 
Vv L=17.5 mm L=265 mm 


630 Olan On < 15x 10% < 20x 107 
1000 < 10x 10% < 10x 107% < 15x 10% 
1600 < 10x10“ < 10x 10% < 15x 107 


< 10x 10* = Onc Om < 15x10% 


@ Insulation resistance 
The insulation resistance is measured after 
a voltage of 500 +50 V has been applied for 
1 min.+5 s, at Tamb=283°C. 


R between terminations > 100000 MO 
R between interconnected 
terminations and case > 100000 MO 


436 
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@ Standard voltage (DC) ratings 630V, 1000V, 
1600V, 2000V @ +85°C ; 
AC @ 60HZ, 300V, 400V, 500V, 600V @+70°C © 

Mechanical | 

® Low cost—Available Bulk | 

™ Precisely dimensioned case-permits hig F 
density i 


@ Mounting feet 
@ Flame retardant 


@ Lead solderability—Tested in accordance with 
MIL-STD-202 method 208 q 


@ Withstand most solvent and rinsing liquids 


@ Storage conditions——25°C to +40°C RH max 
80% w/o condensation — 

HOW TO SPECIFY 

Series 719F1 capacitors may be specified using the following 

designation: 

(See General Part Number onli for more details) 


719F1 RP 104P 631 
Series | Tolerance 
5% anal 
Case ea 
3 = +409 = 

Gia cms a = standard 

(Special paglit 

capacan @ 85°C 

630VDC = 631 


In this a 

the first two digits 
represent significant 
figures and last digit 


1000VDC = 102 
1600VDC = 162 
*2000VDC = 202 


nieces the number Straight 

of zeros to follow. j 

P = Place Holder Lead Code Sor 
D 225/08 

* 45% Tol. Only E 27.5/1 


SERIES 719F2 (TYPE MKP OR MKP/MKP) 


Polypropylene Construction Capacitors 
(Philips 2222-378 Series) ma 
DESCRIPTION —. 


The capacitors consist of a low-inductance 
wound Cell of metallized polypropylene film. The 
cell is potted with epoxy resin in a blue flame 
retardant polypropylene case. The radial leads 
are of solder-coated wire. The capacitors can 
withstand solvents and rinsing liquids without 
damage. They are provided with small stand-off 
pips to allow removal of solder flux etc., when 
cleaning the printed-wiring board. 


APPLICATION 


These capacitors are for applications where high 
currents at high frequencies, and steep pulses 
occur, or high stability is required. Their small 
dimensions make them suitable for circuits with # Lead solderability—Tested in accordance with 


high package density. MIL-STD-202 method 208 
@ Insulation resistance 
FEATURES The insulation resistance is measured after a 
_— voltage of 500 +50 V has been applied for 
Electrical 4 min.+5 s, at Tamp=23°C. 
™ Rated Capacitance Range .0033 uF to 3.3 uF A pais" fenmgations ; >100000 MO 
Stl etween interconnecte 
Rete ted ery 20.080/20 terminations and case >100000 MO 


z age OPeciicalon Pee eel = Standard voltage (DC) ratings 250V, 400V, 630V, 
@ Dielectric withstanding—160% x rated (VDC) 10900V, 1600V, 2000V @ +85°C 


terminal to terminal. 2840 VDC between inter- 
pat @ AC @ 60HZ ratings 160V, 200V, 300V, 400V, 
connected terminations and case. 500V, GOOV @ +70°C. 


@ Dissipation Factor HOW TO SPECIFY 


Dissipation Factor @ 25°C Series 719F1 capacitors may be specified using the following 


rated : designation: . 
voltage at 10 kHz (See General Part Number Description for more details) 
L=3tmm_| L=26 mm mior2 MG 100P Kt SE 
| Specification 
Case Tolerance S=standard 
Series Size J=+5%  T=tape &reel @ 18mm 


Capacitance 


Voltage 


Rd @ 85°C peoe 
Mechanical Inthisexample = 5sqypc = 251 Configuration 
, the first two digits de ‘ 
m@ Low Cost—Available Bulk represent signi- AONE = a4 EStraight 
m Precisely dimensioned case-permits high ae aa 1000VDC = 102 D 
density indicates the 2000VDC = 202 E 
. number of zeros Lead 
= Mounting feet FSHOOW. Spacing 
P = Place Hold 5/0. 
m= Flame retardant See ae 97 5/1 08 
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D=tape & reel @ 16.5 mm 
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719F1 SERIES 
719F2 SERIES 


SS VS CASE SIZE 


7 |. gtd Op ald eal 719F2 
Pepe 630 | 1000 | 1600 | 2000 | 250 | 400 | 630 | 1000 | 1600 | 2000 
DC | DC DC DC ;bpc ;bDC |DC } DC DC DC 


NOT AVAILABLE 


CASE SIZE TABLE SERIES 719F1 & 719F2 


{ THICKNESS (MAX) | LEAD SPACE (NO " 


HEIGHT (MAX) 
INCH 


NOT AVAILABLE 


OUTLINE DRAWING 


Length ; 
— (max) a | Denes. 
oT ! 
Height 
vtec 0.5mm_ 
Smm+1 +0.10mne 
a —m{ke d=0.032 
4 (#20 AWG) _ 


TYPICAL MARKING EXAMPLE 
Top &/or Side 
Nominal Cap (uF PF, NF)/ 24NK 630 

Tol./Rated D.C. Voltage a 
Dielectric Code, Type 876 61 KP/MMKP- 
Code, Manufacturer Philips 3942 
Date Code (Yr/Wk) 


NOT AVAILABLE 


NOT AVAILABLE 


NOTE: Variation in label information possible depending o 
unit size & type. Pd 
Part Number Examples: 
1..01 MF +10% 1600VDC (719F1 Series) = 719F1MK103PK162SD 
Straight Lead/22.5 mm Spacing 
2.1.5 MF +5% 400VDC (719F2 Series) 
Tape & Reel @ 18 mm / 27.5 mm Spacing = 719F2RH155PJ401TE 
3. Same as 2 Except Bulk = 719F2RH155PJ401SE 


DC/AC Voltage Ratings 
Vee 250 400 630 1000 1600 2000 
85°C 
VAC @ 
Pe be fo pe fp bo 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 3 
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SERIES 719F2 rye kp OR MKP/MKP) 


Tape & Reel Specifications (Radial) 


NUMBER OF CAPACITORS PER REEL 


Number per reel Nominal reel width 
w+2mm 


"] 
{) 
i) 
4 
U 
U 
) 


maximum number of empty places per reel # 
/ not exceed 0.5% of the total number of | 
iponents per reel. 


consecutive components may be missing 
jided that this gap is followed by six con- 
utive components. | 
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30°) 77 686 $2 S00 


direction of 
unreeling 


TAPE & REEL 


DESCRIPTION 

Center of lead to center of 
lead distance 

Lead wire diameter 

Distance between the 
longitude axis of the 
component 

Feed hole pitch’ 

Feed hole center to lead center 


Hole center to component 
center 
Component alignment 


Tape width 

Hold down tape width 

Hole position 

Hold down tape position 

Height of component from 
tape center 


Component height 


Lead wire protrusion 

Feed hole diameter 

Total tape thickness 

“Error 1mm per 20 pitches 


MM 
22.004 Os51-0.1 
Zhao t0.on 0. | 
0.8;4-0:08 —0.05 
SOs leer 


Wk Teas (Os 
Wate se (0h7g 


18 = 2 (standard) 

16:5 2.0-5 
(special) 

40 max. 

50 max. 

0.5 min. 

AO 22.0:2 

0.5 = 02 
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SERIES 719F1 
SERIES 719F2 


Part 1 


719F1 & 719F2 Power Capacitors Design Section 
This Design Section has been established in 
order for our customers to determine which 
capacitor is best suited for use in their particular Yp-—|—- — 
application. By following these guidelines the 
designer can determine which capacitor type to 
use. 

This section is a guide. If questions arise please 
contact a Philips Components sales office or the 
Film Capacitor facility direct at Columbia, S.C. 
Part 1 General Application Informations 
Part 2 719F1 Series (Philips 2222-376) 


voltage 


Part 3 719F2 Series (Philips 2222-378) Vivo = 1 200-V: 

APPLICATION INFORMATION FOR 719F1 & 719F2 of ictan at ¢ 
SERIES CAPACITORS ed a * 
The following six constraints should be taken into 5 

consideration when selecting a capacitor for a Fig. 17 Half-sinewave pulse. 


given application: 

1. The peak voltage (V,) should not exceed the Analysis 5 
rated DC voltage. 1. The peak voltage V, of 1100 V is less than — 
2. The peak to peak voltage (V,_,) should not be _ the rated 1600 VDC. | 
greater than 2.’ 2timesthe rated AC voltage 2. The peak to peak voltage of 1200 V is less | 
to avoid the ionisation inception level. than 500 VAC x22 (=1414 Voor | 


3 (a).1fle Peak current (,) ShOUIG Mot exCeee 3. The voltage pulse slope dV/ct: 20 1200V/us | 


the maximum peak current, defined as 390 V/ 24 

maximum voltage pulse slope favvot) too Se re 

multiplied by the capacitance: This is lower than 1600 v/us specified in Table 9. | 
dV 4. The dissipated power is 180 mW as calculated 


imax — Cat “dt) max. 


with Fourier terms. This is less than the 320 
mW allowed for a capacitor with dimensions of 


or: 
. The voltage pulse slope should notexceed 7,0 x 16,5 x 26 mm as shown in Fig. 15. 
the rated voltage pulse slope. Where the 5. The free air ambient temperature is 50°C, 
pulse voltage is lower than the rated voltage, _ which is below the 70°C maximum figure. | 
the values in Table 9 may be multiplied by 6. In the event of failure of the capacitor, the power _ 
U,/applied voltage. is limited to O VA. | 

4. The maximum power dissipation, as defined 4 
previously, must not be exceeded. 

5. The free air temperature for the capacitor 
should not exceed the rated temperature. 

6. As with all metallized film capacitors, there is 
an intrinsically active flammability risk. It is 
therefore recommended that these capacitors 
are only employed in circuits where in the 
event of failure of the capacitor, power to the 
capacitor is limited to less than 5 VA. 

Example 

A 10 nF, 1600 V capacitor selected for use with 

an applied voltage signal as shown in Fig. 17. 

In the event of capacitor failure, the power is 


switched off. The ambient temperature is 50°C. . 
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SERIES 719F1 cryee xe/mmkp) 


Part 2 


I. CAPACITANCE 


co Film Capacitors 


( 7 
Wei 
IN b = 


er rt 
pS SSeS Lane Sa. eR ase 
0 || ee 


0 
MTT TTA TT ATT TT 
ML LI tT TTT NTT TTT TT 


a a 
MULE TTT TISSUE 
if i lw! h 


A 
/ Me 2 


068 DS BS DO quel Ee) 1a Sia Ss lsasDpa es 
100 Ge See Ss (eB eS Eee] 
10 | | || 


0 
MTT TTT 
WE TMT TTA TTT TTT 


NA 
IN EIT ITE TT 


i=) 

(=) I - a 
: (=) 
‘S) 


(je) jo) - 
= 


Capacitance as a function of ambient free air temperature, typical curve. 


I. IMPEDANCE , ,, 


f (Hz) 


10 NF @ 1600VDC 


@ 1 NF 2000VDC 
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Typical Values 
1 = 180 NF @ 1000VDC 


re 
3 
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SERIES 719F1 cryre kp/MMKP) 


Part 2 


lll. VOLTAGE 
7 ie 

@300vac SS SSS 
(630 VDC) 5 ac =| 

i at 

: miguel 

; “at 

Nee il 
| I 


SHES NS Sa SST 


Sema emai A 
ic INAS 
102 103 104 108 # (He) 106 

Curve 1: 0,27 pF Curve 4: 0,027 pF 

Curve 2: 0,12 pF Curve 5: 0,022 uF 

Curve 3: 0,056 uF Curve 6: 0,0068 uF 


AC voltage (V) 


Rated AC voltage (RMS value) as a function of frequency at 
Ua = CMO oy U, (DC) = 630 V. 


amb — 


(1000 VDC) 
= aaa eS 
cael ts; Shi ae B 
ra Esse +H ae ecient vests teria MBngaan 
Es PS eee ani | HH SNS S817 SS Snel 
& 200 aE eS SSE ce SSNS EL Pei TT 
< SSE 5 
NASSRK 4 
ee net ee este ose arcs Scere 
[areas Serra 
as aoe a cae ae a ASS SSS Paper 
NEN NSHEE 
Sena rete ls Peco mean ANN 
; Se ammeati ama 
10? 103 104 10 £ (He) 10& 
Curve 1: 0,18 pF Curve 5: 0,015 pF 
Curve 2: 0,082 pF Curve 6: 0,0082 pF 
Curve 3: 0,047 uF Curve 7: 0,0047 uF 
Curve 4: 0,027 uF 
AC voltage (V) 
Rated AC voltage (RMS value) as a function of frequency at 
Timp = 85°C for U, (DC) = 1000 V. 
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SERIES 719F1 cryee kp/Mmkp) 


Part 2 


@ 500 VAC 1000 7290585.3 
(1600 VDC) a ep See B e 
E00 1s ee he gona 
3 HHT aS DSSS SSSaeni 
8 Wwe 
Q 200 
100 }—— 
oe = ROR 
ee So HE 10cm es SS 
Site SN Gt 
; pr 3 
: Et 
102 10? 104 108 # (Me) 108 
Curve 1: 0,056 uF Curve 4: 0,0068 pF 
Curve 2: 0,027 uF Curve 5: 0,0039 uF 
Curve 3: 0,015 uF Curve 6: 0,0018 uF n 
a 
Rated AC voltage (RMS value) as a function of frequency at “ 
Tanb = 89°C for U, (DC) = 1600 V. 9 
= 
@ 600 VAC 1000 ——— foaretavetnd 7Z90586.4 % 
ae ES a Pp ean man a =a 
(2000 VDC) B Ee ee © 
2 Seca ts opr a 
& Sa aaaeEs S 
s GI SAREE g 
9 TERS 77) 


I 
Snimnatiiimmnan, NSH 


SSSI 


SRS SNH 


102 103 104 f (He) 108 
Curve 1: 0,033 pF Curve 4: 0,0039 uF 
Curve 2: 0,015 uF Curve 5: 0,0027 uF 
Curve 3: 0,01 uF Curve 6: 0,001 uF 


Rated AC voltage (RMS value) as a function of frequency at 
Timp = 89°C for U, (DC) = 2000 V. 


AC voltage (V) 


Rated Voltage Pulse Slope (All Values): 
Not Applicable, Limited By Network Conditions 
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SERIES 719F1 cree kpy/Mkp) 


Part 2 


IV Power dissipation (maximum) 


The power dissipated by a capacitor is a function of the voltage across the series resistance 
(R.) or of the current through the series resistance and is expressed by: 


a ee ee een 


ar =| 


S212 et SES pas 2 eal ee 
Vac 
7Z69847.2 


Power dissipation as a function of the voltage across a series resistance. 
=f R.? 
VRs R24 1/ar202 VAC 
Given that than 6 = R,wC <0.1, the formula (2a) can be simplified to 
VR.? = Re200*C2VF AC 
and with R, = tan 6/wC, the formula becomes 
P= wC tan 6 V°AC 


or 
_ tano) 
Pe mG ae 
The value of tan 6 can be calculated by reference to Fig. 2; C is in Farads, w = 2rf, 
VAC or IAG are assumed to be known. 


The maximum permissible value of power dissipation (P max.), which is dependent on the 
dimensions of the capacitor and on the ambient free air temperature can be found by 
reference to Fig. 1. 


In application where sine-waves occur, the RMS voltage and the RMS current of the 
sine-wave are to be used to obtain the values for V?Ac and I*Ac respectively. 


In applications where periodic signals occur, the signal has to be expressed in Fourier 
terms: 


VAC=Vo+ 2 Vi sin (Kwt + wk) 
k=1 


lac= = I, sin (kwt + yk) 
2] 


which for dissipated power becomes 
CO 2 
using expression (5): P= 2 1wC tan 6(wk) = 
k=1 
co tan 6 (wk) 12 


using expression (6): P= 
ae ie k=1 kwC 2 
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SERIES 719F1 crvee kp/MMKP) 


Part 2 


Table 1 Power dissipation in capacitors of different dimensions (see below). 


dimensions (mm) 


—b 
OOONOOHRWN — 


aah 
ob 


ay es 
GW RN 


7290582 


NN 


Curve 1 = 15 mm pitch; all series Curve 2 = 22,5 mm pitch; Curve 3 = 27,5 mm pitch; 
22,5 mm pitch; 630 V series 630 V series 
1000 V series 27,5 mm pitch; 
1600 V series 1000 V series 
2000 V series 1600 V series 
2000 V series 


Fig. 2 Tangent of loss angle (maximum value) as a function of frequency. 
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SERIES 719F 2 (rvPe MKP OR MKP/MKP) 


Part 3 
|. CAPACITANCE 


Temperature characteristics: 
=55 (0-20 Ga Ag <= 3.75% 


20'to 65, C; 3.2502 AC < 0% 
C 


7221824 


Temp © 


Factor 


7221833 


10¢ 10° 108 107 108 
t (Hz) y 


Impedance as a function of frequency; typical curve. 


lil. VOLTAGE 


A. DC Voltage Rating @ 85°C (See Size Chart) 
B. AC Voltage Rating @ 70°C (See Size Chart) 
or per information below. 


Maximum RMS voltage as a function of temp- 
erature: The maximum RMS voltage must be 
multiplied by a factor depending on the ambient 
temperature 


! 
1.2 722183 


LNT | eee 
eel Bale doeltac veal: | | Naa 
SSE eae 
SL | | 
CLUS Sea 


BRRERRERERASE 


-60 
u Pc) | 


1 


Q68 


0.6 


0.4 


0.2 


Multiplying factor as a function of temperature. 


Notes 

1. The sum of the DC voltage and the peak value of the superimposed 
AC voltage must be < U, (DC). 

2. For waveforms other than sinusoidal the maximum permissible dis- 
sipation must not be exceeded. 
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SERIES 719F2 (rvpe mkP OR MKP/MKP) 


Part 3 


7221827 


1000 
@160 VAC — AG voltage 
(250 VDC) ” 
= Seattle 
| fos SalS, 
fhe 
A 
tt 
oS 
107 104 10 yes 10° 
Curve 1 = 3.3 pF; Curve 3 = 0.47 uF; 
Curve 2 = 1,:F; Curve 4 = 0.33 pF. 
AC voltage (RMS value) as a function of frequency at Te oe 
<70°C for U, (DC) = 250 V. 
1 7221826 
AC voltage 
@ 200 VAC . 
(400 VDC) 


Curve 1 = 1.8 pF; Curve 3 = 0.47 yF; 
Curve 2 = 1nF; Curve 4 = 0.18 pF. 


AC voltage (RMS value) as a function of frequency at T, 
<70°C for U, (DC) = 400 V. 


mb 
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SERIES 719F2 crype MKP OR MKP/MKP) 


Part 3 


7e71e28 


@ 300 VAC AC voltage 
(630 VDC) ™) 


NUE 


—— 
TSS NY 
ISSN 


. 
a 
L] 
Hitt 
Saree iM 


100 SS SS Ss ES Oe ee > 


= 0S O © ee Gee Gee ee eee 
BeB 
= 


at 
lia Tt 


aot 
a em (ama Ne 
Sat 


3 4 5 é 

10 10 10 a (tz) 10 
Curve 1 = 0.68 uF; Curve 3 = 0.10 uF; 
Curve 2 = 0.33 pF; Curve 4 = 0.056 uF. 


AC voltage (RMS value) as a function of frequency atT, 
<70°C for U, (DC) = 630 V. 


7221829 


@ 400 VAC Sr ot = 
(1000 VDC) 


{ (Hz) 
Curve 1 = 0.22 uF; Curve 3 = 0.047 uF; 
Curve 2 = 0.1,F; Curve 4 = 0.012 uF. 


AC voltage (RMS value) as a function of frequency at | psa 
<70°C for U., (DC) = 1000 V. 
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SERIES 719F2 cryre mkp oR MKP/MKP) 


Part 3 


AC voltage 
@ 500 VAC ) 
(1600 VDC) 


Curve 1 = 0.1 uF; Curve 3 = 0.01 pF; 
Curve 2 = 0.47 uF; Curve 4 = 0.0056 pF 


AC voltage (RMS value) as a function of frequency at Te 
<70°C for U. (DC) = 1600 V. 


mb 


10 
@ 600 VAC AC voltage /-——— 
(2000 VDC) ss Saat 


Se 


10 anima 


104 1 


eat 
o° 1 (Hz) : 


Curve 1 = 0.015 uF; Curve 3 = 0.0047 uF: 
Curve 2 = 0.010 uF; Curve 4 = 0.0033 uF. 


AC voltage (RMS value) as a function of frequency at T 
<70°C for U, (DC) = 2000 V. 


amb 
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SERIES 719F2 (1yre MKP OR MKP/MKP) 


Part 3 


Table 1 Rated voltage pulse slope 


rated voltage rated voltage pulse slope (V/s) 


a sc 


The rated voltage pulse slopes in the table are 
valid for pulse voltages equal to the rated voltage. 
For lower pulse voltages the given values may be 
multiplied by U,/applied voltage. 

Note 

If the pulse slope requirement is satisfied, a check 
must be made to ascertain that the maximum 
dissipation is not exceeded. 


IV. MAXIMUM DISSIPATION 

The power dissipated by a capacitor is a function 
of the voltage across the series resistance (Ra) 
or of the current through the series resistance 
and is expressed by 


ae Vase 
tear: 


Power dissipation as a function of the voltage across a series 
resistance. 
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R 2 
pee 
VRs R.2 + 1/c02C? VAC 


Given that than 6 = R,wC <0.1, the formula (2a) 
can be simplified to 


VR.2 = Re2w®C2V2AC | 
and with R, = tan 6/wC, the formula becomes ~ 


PSG tan ow-AC 
or 
tano 
mene icns: | 
The value of tan w can be calculated by referenct 
to Fig. 1; C is in Farads, w = 27f, Vac Or lac ar 
assumed to be known. | 


The maximum permissible value of power dissti 
pation (P max.), which is dependent on the dimen 
sions of the capacitor and on the ambient free a 
temperature can be found by reference to Fig. 2 
In applications where sine-waves occur, the RM 
voltage and the RMS current of the sine-wav 
are to be used to obtain the values for V2ac ant 
lac respectively. 
In applications where periodic signals occur, tht 
signal has to be expressed in Fourier terms: 


co 


Vac=Vo+ 2 V,_sin (kwt + pk) 
k=1 


Or Inc= 2 ik Sin (Kwt + pk) 
k=1 
which for dissipated power becomes— 


CoO 


using expression (5):P= 2 k C tan d(wk)V*%, | 
k=1 


co tan d(wk)l*x, 
using expression (6):P= 2 ~~ ———————~—™ 


k=] kwC 


SERIES 719F2 cryre mxp oR MKP/MKP) 


Part 3 1000 7221823 


Table 2 Power dissipation for different dimensions 


ONOOAWNDH—]* 


200 


Maximum permissible power dissipation as a function of ambient 
free air temperature, at various capacitor dimensions. 


7221832 


aaa me 


A. 


HARN GE 


(1) = 27.5 mm pitch, 250 V version; (5) = 22.5 mm pitch, 630 V version; f (Hz) 
(2) = 22.5 mm pitch, 250 V version; (6) = 27.5 mm pitch, 1000 V version; 
(3) = 27.5 mm pitch, 400 V version; (7) = 22.5 mm pitch, 1000 V version; 
(4) = 22.5 mm pitch, 400 V version; 27.5 mm pitch, 1500 V version; 
27.5 mm pitch, 630 V version; (8) = 22.5 mm pitch, 1500 V and 
2000 V versions 


27.5 mm pitch, 2000 V version. 
Fig. 2 Tan 6-value as a function of frequency; maximum values. 
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SERIES 711H3 


Dry Metalized Polypropylene Capacitors 


For A.C. Applications 


‘NX Style Non-Protected 
DESCRIPTION 


711H metalized polypropylene capacitors consist 
of a non-inductive wound cell housed in a round 
phenolic case. These capacitors are supplied 
to a maximum voltage of 370 VAC @ 50/60 Hz. 
Additional information with regard to electrical, 
environmental and mechanical specification is 
summarized on the following pages. These 
capacitors are not protected—see Product Safety 
Statement. 


FEATURES 


@ Non-Inductive Windings 

@ Self-Healing Dielectric 

@ Dry Construction—Non PCB 

@ Rugged Mechanical Construction 

@ Phenolic Case Requires No Insulation 
@ Low Energy Consumption 

@ Brackets and End Caps Available 


@ Available Capacitance Tolerance—+10% 
(+3% & +6%, available on request) 


‘A STYLE CAPACITANCE DECADE VS CASE SIZE 
(For special capacitance values please contact 
Mepco/Centralab sales office or manufacturing 
facility. Certain restrictions may apply to non- 
standard values.) 


452 


Capacitance @ 240VAC @ 370VAC 
MPD Standard Case Size} Standard Case Size 


Available 


NOTES: 
1. Capacitance tolerance: Standard +10%(K). 
+6%(H) & +3% (L) at slightly higher costs. 


2. Accessories: For mounting brackets & end caps see © 


accessory section. 
3. These capacitors are designed for operation in sym- 
metrical sinewave circuits operating at rated 6OHZ or 


lower. For special applications, please contact your nearest — 


sales office, representative, or the factory. 
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SERIES 711H3 


Dry Metalized Polypropylene Capacitors for A.C. Application 


HOW TO SPECIFY 


Series 711H capacitors may be specified using the following designation: 
(See Capacitance Section below for more details) 


711H 3 AD 106P K 371 
Series Rated 
Capacitance Voltage 
Terminal Internal 
Type Assignment 
Case Size Capacitance 
& Type Tolerance 
PHENOLIC 
Dia. Ht. 


(1)AA=1.437"x 2.750" 
(2)AB=1.437" x 3.375" 
(3)AC=1.437"x 4.375" 
(4)AD=1.812"x 3.375" 
(5)AE=1.812"x 4.375" 
(6)AF=2.062" x 3.375" 
(7)AG=2.062" x 4.375" 


(8)AH=2.562" x 4.375" FIRST ALPHA OF CODE 
TERMINAL TYPE (6th Field Part Number) 
Sait ain A=Phenolic 
=o B=Plastic 
9=Open C=Open 
6=(2) 1BQC D=Open 
7=(2) 2BQC w/Solder Lug E—Wrap2)Pot 
8=(2) Solder Lugs ra 
9=Lead Wire lag 
CAPACITANCE CAPACITANCE TOLERANCE 


For whole capacitance values in micro farads, Ae 


Columns 8 & 9 contain significant digits, Column K=+10% (STANDARD) 
10 contains the Mel oI Dae eI 11 A=+Special 
contains a ‘P’. For fractional capacitance values 

in Microfarads, Columns 8 & 9 contain significant VOLTAGE RATING 
digits, Column 10 contains the Tee one Valle: hire neroecros. 

ane BasurapRedLan an the number of zeros. Ae Guo yAGe a 


Multipliers Example 370VAC = 371 

ai? 6 = 000000 25uf=256P_ INTERNAL ASSIGNMENT 

f zi nO i “s tc pe eee Used to denote individual customers. a 
E00 : a asi ‘AA is used to designate a standard part not specifically 
: e haa : 4 Seta assigned to a specific customer. 
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SERIES 711H3 


Dry Metalized Polypropylene Capacitors for A.C. Application “A’ Style 


“A’ STYLE EXAMPLE (RED LABEL WITH WHITE CHARACTERS) 
TYPICAL MARKING EXAMPLE 
1ST LINE — MANUFACTURERS NAME Philips Components 
2ND LINE — PART NUMBER 711H3AD106PK371AA 
3RD LINE — RATED CAPACITANCE, TOLERANCE, 1OuP 21076 |)” ee en 
CUSTOMER PART NUMBER IF REQUIRED 
DATE 
4TH LINE — RATED VOLTAGE, FREQUENCY, & DATE CODE Saat ae Sea Pare] 


STH LINE — CAPACITOR TYPE — NOT PROTECTED 


454 


yee |_|, (2) 28QC TERMINALS 
Bet Ie" 250" x 032") 
7 4 
3032 
in H th MAXIMUM 
STANDARD 
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CASE OUTLINE DRAWING 


| 
. 


TERMINAL TYPES 


Pf 


2 Blade QC 1 Blade QC 2 Blade QC Solder lug 
with solder lug 


(Quick-connect terminals are also suitable for soldered connections) 


Case Diameter Case ate 
‘D’ es 


Inches (+.015) | mm (+.38) [Inches (+. Inches (--.032) | mm (+. | mm (+81) | Inches (+.005) | mm (=. | mm (2.13) | 


PRES ee ee ae eee 


SERIES 711H3 


Dry Metalized Polypropylene Capacitors for A.C. Application 


A.C. FILM CAPACITOR 
SPECIFICATIONS & TEST METHODS 


I. Physical 

A. See appropriate section for standard ratings, 
sizes & physical characteristics. 

B. All ‘A style capacitor cases are made from 
mineral filled thermoset phenolic for durability 
& corrosion resistance. The case material has 
a U.L. temperature index of 150°C and a ULL. 
94V-1 minimum flamability rating. 

C. Capacitors may be mounted in any position. 


ll. Temperature Rating—these capacitors are 
rated as follows: 

A. Operating Case Temperature—40°C to +70°C 
(40°F to +158°F) 

B. Storage (Ambient)—40°C to +90°C (—40°F to 
+194°F) 

C. Temperature Rating—‘‘Capacitors shall have 
rated life performance when operated within 
case temperature range. Operation at higher 
case temperatures will result in reduced life.” 


lll. Voltage Rating 
Philips Components metalized film capacitors are 
rated for stable operation at the rated voltage. 
Decreased life can be expected if the capacitors 
are operated at 110% of the rated voltage at 60HZ 
provided the maximum case temperature Is not 
exceeded. Special voltage ratings are available. 
Please contact the factory. 


IV. Capacitance & Tolerance 


All capacitors supplied shall be within the speci- 
fied limits of rated capacitance when measured 
at a temperature of +25°C. Standard capacitance 
tolerance is +10%. Tolerances of +6%, +3% 
capacitance are available upon request. 


All capacitance measurements shall be made on 
an A.C. bridge at a frequency of 60HZ or referred 
to measurements made at that frequency. 

A. Capacitance change with temperature—when 
capacitance is measured at the maximum & 
minimum rated case temperatures, the capaci- 
tance will vary no more than —5% to +2% of 
the +25°C capacitance value. 


Philips Components ° 6071 St. Andrews Road ° Columbia, 
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V. Rated Life 

“When operated @ rated voltage & rated case 
temperature (70°C max), capacitor survival shall 
be not less than 94% after 60,000 hours opera- 
tion. After 5000 hours operation, survival shall 
be not less than 99% with capacitors operating 
at rated conditions.” 

“The useful life of the capacitor will be shortened 
by exceeding the rated voltage and/or tempera- 
ture limits. Acceleration effects of temperature 
& voltage are now under study.’ 


VI. Volt-Ampere Loading 

“Capacitors shall be capable of operating ata 
volt ampere loading resulting from the combined 
effects of capacitance tolerance, frequency vari- 
ations, voltage & harmonics, not exceeding 130% 
of the volt-ampere loading calculated at rated 
capacitance & at rated GOHZ (sinusoidal) voltage, 
provided rated case temperature is not exceeded.’ 
Please contact the factory prior to using these 
capacitors at a VA higher than rated. 


Vil. Dissipation Factor 

The dissipation factor of each capacitor shall not 
exceed 0.1% when measured at or referred to 
60HZ rated voltage applied at any temperature 
between 23°C & the capacitors maximum rated 
case temperature. 


Vill. Dielectric Strength 
Terminal-to-Terminal—The capacitors are capable 
of withstanding the applications of 1.75 x rated 
A.C. voltage for one (1) second. Capacitors should 
be discharged through a 10,000 Ohm resistor to 
limit the Current. 

Terminal-to-Case—The capacitors are capable of 
withstanding an application of 2 x rated A.C. 
voltage plus 1000 volts for one (1) second. 
NOTE: An alternate test method may be used by 
applying a D.C. voltage equal to the peak voltage 
of the specified A.C. test voltage. (The capacitors 
must be charged & discharged through a 10,0000, 
resistor.) 
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SERIES 711H3 


Dry Metalized Polypropylene Capacitors for A.C. Application “A’ Style | 


IX. Life Tests 
A. High temperature life test—tested @ 125% x 2. No intermittent or continuous open circuits ° 
rated A.C. @ 80°C for 500, 1500, or 2000 between terminals 
hours (circulating air). 3. A typical D.F. < .10% @ 60Hz 
B. Room temperature life test—test @ 135% x rated 4. Capacitance loss— 
A.C. @ room temperature for 120 hours (cir- A Style— | 
culating air). (240VAC Rated) 2000 hour test %AC=<3%_ 
NOTE: These life tests are designed to indicate (370VAC Rated) 500 hour test %AC=<10% 


the relative quality of the capacitor lot being 
tested. Actual life in application can only bedeter- yx. Environmental Tests 
mined after extensive long-term test data accu- Philips Components metalized film capacitors 
mulation. meet or exceed the applicable environmental 
C. The typical results expected after a life test are: tests recommended by E.I.A. 
1. No short circuits between terminals or ter- 
minals & case 


BRACKET DIMENSIONS ACCESSORY ITEMS 


DRAWING NO. is Atle enlaces oye ene Order as separate items 

614A765ABP1 | 5.015 | 4.656 | 2.0 o'2.078 A Style Only 

614A765ABP2 | 4.015 | 3.650] 1.703] .906 | 1.578 

614A765ABP3 | 3.374 | 3.015 | 1.062| .586 | 1.258| END CAPS BRACKET DRAWING 
Bottom Lead Hold 


END CAPS BRACKETS 


LEAD HOLE DWG. NO. 
DWG. #614a766**** 614a765**** 


AAPOO1 ABPOO1 ABP003 
AAPOO1 ABPO01 ABP002 
AAPOO1 ABPOO1 ABPO01 
AAPO02 ABP002 ABPO02 
AAPO02 ABPO02 ABPOO1 
AAP003 ABP003 ABP002 
AAPO03 ABPO03 ABPOO1 
AAPO04 ABP004 ABPOO1 


ORDERING INFORMATION 


1. (1) one cap & (1) bracket required per capacitor. 

2. When ordering caps (614A766****) or brackets 
(614A765****) insert the appropriate alpha/ 
numeric code from the chart above. 


DISCHARGE RESISTOR 


Some applications require that the capacitor dis- 
charge automatically once the voltage source is 
disconnected. This minimizes the shock hazard. 
Normally a 15K Ohm 20% 2 watt resistor is used. 
Other resistance values are available upon 
request. Consult the factory for this option. 
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SERIES 711H3 


Dry Metalized Polypropylene Capacitors for A.C. Application 


CAPACITOR COMPARISON SHEET 


Wet Metalized | Free Foil/Oil Filled 
Characteristic Dry Metalized Film Film Paper or Paper/Film Cap 
Failure Mode Self-healing open circuit Same as dry Short Circuit 
failure mode typical. 


Capacitance Stability Excellent—self-healing implies 


Capacitance loss during life thru 
electrode evaporation, oxidation 
or erosion. 
Same except High Voltage A.C. Operation 
440VAC Dependent on Impregnant Used 
available And Thickness of Paper 


Working voltages up to 370VAC 
in asingle unit can be used at this 
stage of development, up to 
660VAC under certain conditions. 


Current Limitation Exceptionally high currents are Same as dry None 
not recommended. 


High Frequency Operation Lower frequency operation due to | Same as dry Up To 10MHz With Non-Inductive 
the high inductance and resistive Construction 
effects of metalized electrode & 


High Voltage A.C. Operation 


end connection. 


Capacitance Values 1—100 MFD 1—100 MFD 


Loss (Dissipation Factor) Typically .01 to .1% Same as dry Typically .3 to .6% 
D.F. @ 60HZ D.F. @60HZ 
@ Rated VAC @ Rated Voltage 


| Size & Weight 


Smallest & Lightest/M.FD. Between oil Largest & Heaviest/M.FD. 
filled, free 
foil & dry 
metalized 
Typically 60,000 Hours Plus Typically 60,000 Hours 


U.L. Requirements & . edea Same as oil Oil filled must be protected 
Impregnant No impregnant, no oll to leak. filled free per U.L. requirement. Free oil 


Some applications require UL | foi combustible & can leak & be a 
Recognized capacitors. serious hazard. 


CAUTION 


Philips Components 711H series capacitors are Somecapacitors’ failure modes could cause the 
housed in flame-retardant thermoset phenolic capacitor’s case to rupture due to internally gen- 
cases and do not contain internal protection. erated gases. Please read the following informa- 
Before these products are energized, to avoid tion before energizing the capacitors. Ifyou have 
possible damage from overheating or rupture, any questions, please contact your local Philips 
they must be separately housed in a suitable Components Field Sales Representative or the 


| enclosure. Philips Components Film Capacitor Facility, 
Also, each part shall be marked with the words Columbia, South Carolina. 
not protected. NOTICE 


Misapplication, such as exceeding design 
limits may result in destruction or explosion of 
capacitors. 
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SERIES 719.31 (RADIAL) (TYPE MKT-P) 


Metalized Polyester and Paper Capacitors 


DESCRIPTION 


Series 719J1 (Radial) low-inductance wound cell 
of impregnated metalized polyester and paper 
capacitors incapsulated in precision made flame 
retardant polypropylene cases. The leads are 
solder coated copper wire. 


PERFORMANCE CLASS X2 QUALIFIED ACCORDING 
TO VDE 565-1, SEMKO, IMQ & UL1283. 
APPLICATION 


For Radio Interference Suppression In: 


# Small Household Appliances e.g. Coffee 
Grinders, Mixers 


@ Audio and TV Circuits 


@ General Industrial Applications; e.g. Test & 
Measuring Equipment. 


FEATURES 


Electrical 


B Insulation resistance 
The insulation resistance is measured after a 
voltage of 100 +15 V has been applied for 
Tmin==-9's, at. Tp 2O°G: 
R between terminations, 


for Cp<0,33uF >15000MQ 
RC between terminations, 
for Cp>0,33 uF > 5000s 


R between interconnected terminations 
and case (foil method) >30000MQ 


& Rated Capacitance Range .01 to 1.0 uF 

@ Tolerance on Rated Capacitance +20%, +10% 
@ Standard Voltage 250 VAC @ +85°C 

@ Climatic Category 40/85/21 

@ Related Specification IEC 384-14 

@ Max. Pulse Load 100V/yS 


® Dissipation Factor 
@. 1KHZ = 75 0 
@ 10KHz < 130 x 1074 


@ Test Voltage 
Between terminals 1075 VDC 
Between interconnected terminals & case 
2000 VAC (foil method) 


Mechanical 

@ Flame Retardant 

@ Precisely Dimensioned Cases 
@ Self-Healing 

® Solvent Resistant 


@ Available Bulk only 
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first two digits Straight 
represent significant i pen 3 
@ Suitable For PC Board Insertion figures and last digit B 0.591" (15 mm) 
indicates the number "(095 
of zeros to follow. D 0.886" (22.5 mm) 


For Interference Suppression 


(Philips 2222-330 Series) 


0 itt 


~100 -50 100 
HOW TO SPECIFY ee aoe 


RC-product as a function of ambient free air temperature; typical 


Series 719J1 Capacitors may be specified using the following 
designation: ' 
(See General Part Number Description for more details) 


71 a i 104P + B 
alee 
vay at 85°C 
Case es 251=250C 

Tolerance Specification 
K=+10% S=Short Leads 

M=+20% L=Long Leads 

cert reto | 


In this ee the Lead Configuration 


SERIES 719J1 


resonant 
frequency 


(MHz) 


10 


sail a ti 
| Si aaa 
-100 —50 50 100 10? Cp (nF) 10° 
Tamb (°C) 
Capacitance as a function of ambient free air temperature; typical curve. Resonant frequency as a function of rated capacitance. 


CASE SIZE TABLE SERIES 719J1 (RADIAL) 


SERIES 719J1 (RADIAL) 
“L” LENGTH “H’ HEIGHT | “T” THICKNESS | “S” SPACING | “d” LEAD DIA. 


1699 21.7..5 A33— A107. 5.0 ool ©) 19.0120 032 
16894-17.5 A477 12.0 = 6.0 wo. $5.0) 20 .032 


TYPICAL MARKING EXAMPLE 
SERIES 719J1 


ON TOP (LINE ONE) 
RATED CAP pF/TOL. +10%=K, 


+20% NOT IDENTIFIED 
RATED VOLTAGE & PERFORMANCE 


15.0 ol SC CLASS 
a PHILIPS TYPE NO. & (LINE TWO) 
| 335 —8.5| 886 225| 20 _.032_| | CODE FOR DIELECTRIC MKT-P 
a (LINE 3) 
lee. 082i CLIMATIC CATEGORY, DATE CODE 
SaeUA APPROBATION & PHILIPS SYMBOLS 


719J1GD103P*251SB 
GD153 
GD223 
GD333 
GE473 
GF683 


GG104 
719J1MH154P*251SD 

MJ224 
719J1ML334P*251SE 

SN474 

SP684 

SR105 


*INSERT APPROPRIATE LETTER INTO PART NUMBER FOR TOLERANCE 
K=+10% M2=+20% 

eS 

SHORT LEADS 5+1 MM (.157/.236 INCH) LENGTH 

LONG LEADS LENGTH 25+2 mm (.906"/1.06") 


NOTICE: MISAPPLICATION SUCH AS EXCEEDING DESIGN LIMITS MAY 
FINNISH (Fl) APPROVED CAPACITORS RESULT IN DESTRUCTION OR EXPLOSION OF CAPACITORS. 
ARE AVAILABLE. PLEASE CONTACT THE 


FACTORY. CASE SIZES AND CAPACITANCE 
VALUES MAY VARY. 
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SERIES 7000 


Film Capacitors Polyester & Polycarbonate 


TYPICAL PERFORMANCE CURVES 


Capacitance vs. Temperature Capacitance vs. Frequency 


Lm i) Sem pe Eas 
wd Fil iii 


(1) Polycarbonate 


(2) Polyester 


Albee (Hilfe 
iihtieal wars oaaue ia 
ia Me |e eto 


—~ 
— 
~— 


ie 4/4 
Pay © 
ras 
eae 


FE a 
| Jal 


C 
(%) q 
7 tad ee Hed | 1 0) | see 
Pert ila 
(ces TED eo 
br) ck 9 cas BO ee a 
aA 
— 6040? 207020" 40s G0 =s0F 1007120) 140 102 103 104 108 
TEMPERATURE (° C) f (Hz) 


Dissipation Factor vs. Temperature 


(2) Polyester 


E 
sees ele a 
PRE 
i EE AC EA 

ae Ele 

Sls CSIC al AE 
SI aN a 
Bass =2Sa0o 
—60—40—20 0 20 40 60 80 100120 140 
TEMPERATURE (° C) 
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) Polycarbonate 
2) Polyester 


Insulation Resistance vs. Temperature 


(1) Film/Foil 
Polycarbonate 
(2) Film/Foil 
Polyester 
= eg 


SEC 
eta 


(1) Metallized 
Polycarbonate 


104 : 
IR (MQ. uF) aN oe: 
: fied biel le A 
0) 20 40 60 80 LOGy pe) 204 ol 4 ORO 
10? TEMPERATURE (° C) 
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SERIES 7000 


Film Capacitors Polystyrene & Polypropylene 


TYPICAL PERFORMANCE CURVES 


Capacitance vs. Temperature Capacitance vs. Frequency 


(1) Polystyrene 1] 
(2) Polypropylene 
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ae an 
0 ) Polystyrene 
(%) ela a Me sicae Bali 
3 
102 103 108 108 
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TEMPERATURE (° C) Ry 
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Insulation Resistance vs. Temperature 
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STANDARD SERIES OF VALUES 
IN A DECADE 


STANDARD SERIES OF VALUES IN A DECADE 


for resistances and capacitances 
according to IEC publication 63 


E192 E96 E48]E192 E96 E48|E192 E96 E48 |E192 


E192 E96 E48 


100 100 100 ear steer 825 825 
101 

102 102 294 845 

104 

105 105 17 105 301 866 866 
106 

107 107 309 887 

109 

110 410111710 316 909 909 
111 

113: “Nts 324 931 

114 

ill SiemmensThit Siem alto 332 953 953 
117 

ipikey | alts! 340 976 

120 

V2 Va 348 

123 

124 124 357 

126 

W209 VA Net 365 

129 

130 130 374 12 

132 

133 133 133 383 15 15 

135 

TS Si 392 18 

138 

140 140 140 402 oeh eee ce 
142 

143 143 412 27 

145 

147 147 = =147 422 33 33 

149 

150 150 432 39 

152 
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HOW TO INTERPRET CAPACITANCE 


DECADES EXAMPLES: 
A decade of 100 indicates: A decade of 324 indicates: 
100PF...order P/N 719C1CA101PF630SF 324PF...order P/N 719C1CA3241F630SF 
.001F...order P/N 719C1CA102PF630SF .00324uF...order P/N 719C1CA3242F630SF 
.O1uF...order P/N 719C1CB103PF630SG 0324uF...order P/N 719C1CC3243F630SH 
A decade of 215 indicates: A decade of 56 indicates: 
215PF...order P/N 719C1CA2151F630SF 56PF...order P/N 704C1AA560PF631AX 


.00215uF...order P/N 719C1CA2152F630SF 560PF...order P/N 704C1AA561PF251AX 
0215uF...order P/N 719C1CC2153F630SH 5600PF...order P/N 704C1AC562PF630AX 
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Variable Capacitors 
QUICK REFERENCE INDEX 


PHILIPS COMPONENTS OPERATING 
PART NUMBER CAPACITANCE DIELECTRIC TEMPERATURE 
(TYPE) RANGE MATERIAL RANGE 


FILM DIELECTRIC 


2800C/K 1.5pf-5pf Polypropylene 
(808) to Polycarbonate 


—40°C to +85°C 
or 
—40°C to +70°C 


464 


7pf-100pf Polyethylene 
PTFE Teflon* 


2800D/E /M 0. ie 2pf PTFE Teflon* 40°C to 125°C 
(809) Polycarbonate 
7pf- near 


DESIGN DATA FOR SELECTING AND APPLYING VARIABLE CAPACITOR 


*Is a registered trademark of E.l. DuPont de Nemours 
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SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors For 
Commercial And Industrial Applications 


DESCRIPTION 


5mm 

The vanes of the trimmer are stacked on a sturdy 
plastic base, the color of which indicates the 
maximum capacitance. The dielectric is a film of 
polypropylene which supports the vanes in such 
a way that good stability is ensured and no micro- 
phony can occur. Flux absorption between the 
vanes is prevented. The trimmers are resistant 
to all standard cleaning solvents except trichloro- 
ethylene and trichloroethane, however, cleaning 
is not advised. Top adjustment should be done 
by means of a screwdriver and bottom adjustment 
by means of the key as shown in Fig. 10. 


7.5mm 

The vanes of the trimmers are stacked on a 
sturdy plastic base, the colour of which indicates 
the maximum capacitance. The dielectric is a 
film of polypropylene, polyethylene, polycarbon- 
ate or PTFE which supports the vanes in such a 
way that good stability is ensured and no micro- 
phony can occur. Flux absorption between the 
vanes is prevented. 

The trimmers are resistant to all cleaning solvents 
except trichloroethane and trichloroethylene. 

A version with vertical spindle (Fig. 2 and 3) and 
a version with horizontal spindle (Fig. 4) are avail- 
able. Both versions have top adjustment by 
means of a screwdriver or trimming key, and 
bottom adjustment by means of a key according 


to Fig. 10. 
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10mm 
The vanes of the trimmers are stacked on a 
sturdy plastic base, the colour of which indicates 
the maximum capacitance. The dielectric is a film 
of polypropylene, polycarbonate or PTFE which 
supports the vanes in such a way that good 
stability is ensured and no microphony can occur. - 
Flux absorption between the vanes is prevented. 
The trimmers are resistant to all standard cleaning © 
solvents except trichloroethane and trichloro- 
ethylene. Top adjustment should be done by 
means of a screwdriver and bottom adjustment 
by means of the key as shown in Fig. 10: 


SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors For 
Commercial and Industrial Applications 


HOW TO SPECIFY 
SERIES 2800C Film Dielectric Trimmer Capacitors can be completely specified using the following designation: 
28 10 C/K 2R515 
al =] re ais 
Planar Commercial Lead 
Trimmer Industrial Configuration 
Capacitor Type : See mountin i i 
Rotor Capacitance Range ( diagram) occ 
Diameter min. & max. with R J=Polyprop 
05= 5mm denoting decimal K =Polycarb 
07= 7mm 9 Sof pa 3p 54 5 M=Polyethylene 
10=10mm opt to Top H=PTFE Teflon" 


Part Number will also include 5 additional digits on end which are for internal assignments (for reference only) 


FEATURES 


@ Effective angle of rotation: 180° 
@ Operating torque: 
omm 1 to 15 mNm (.14 to 2.1 ounce inches) 
7.5mm (6 to 22pf) 1 to 15 mNm (.14 to 2.1 
ounce inches) 
i 1O-50p1 82 to, 25 mNmi.28 "to 3.5 
ounce inches) 
10mm 2 to 25 mNm (.28 to 3.5 ounce inches) 


@ Maximum axial thrust 
1G 0.3% of C2.) 2clb: 


@ Mounting: Can be mounted on printed-wiring 
boards with hole diameter min. 1.25mm (.050 


inch) 
® Soldering conditions: max. 260°C, max 10 sec. 
Fi Test Voltage 
Rated Voltage (for 1 min.) Type 
150 VDC 300 VDC 5mm 
250 VDC 500 VDC 7.5mm 
250 VDC 500 VDC 10mm 


@ Contact resistance max. 10mQ 
@ Insulation resistance min. 10,000MO 
@ Minimum storage temperature —55°C 
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SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors For Commercial 
And Industrial Applications 


Min. 
Guaranteed Resonant 


Cap. Range Freq. 
Factory Min/Max B h at Max 
Code pico- Adjustment Dielectric 
uration 2222-808 farads Mode Material 


5mm Types 150 VDC 


1 H 2805C1R505HJ Vertical Top Polyprop. —40 to +70 
1 G 2805C1R505GJ Vertical Top + Bottom Polyprop. —40 to +70 
1 H 2805C00210HJ Vertical Top Polyprop. —40 to +70 
1 G 2805C00210GJ Vertical Top + Bottom Polyprop. —40 to +70 
1 H 2805C2R515HJ Vertical Top Polyprop. —50+/—200 —40 to +70 
1 G 2805C2R515GJ Vertical Top + Bottom Polyprop. —50+/—200 —40 to +70 
i H 2805C00420HJ Vertical Top Polyprop. —50+/-200 —40 to +70 
| G 2805C00420GJ Vertical Top + Bottom Polyprop. —50+/—200 —40 to +70 
| H 2805C4R527HJ Vertical Top Polyprop. |—250+/-—200 —40 to +70 
| G 2805C4R527GJ Vertical Top + Bottom Polyprop. |—250+/—200 —40 to +70 


7.5 mm Types 250 VDC 


a M 2807C1R405MM Vertical Top + Bottom —400+/-300 —40 to +85 

2 iY 2807C1R405YM Vertical Top —400+/—300 —40 to +85 

2 M 2807C00209MH Vertical Top + Bottom —40 to +85 

2 M 2807C00210MJ Vertical Top +Bottom Polyprop. —40 to +70 : 
2 Vi 2807C00210YJ Vertical Top Polyprop. —40 to +70 

3 M 2807K00210MJ Vertical Top Polyprop. —40 to +70 } 
4 X 2807C00210XJ Horizont. | Top + Bottom Polyprop. —40 to +70 4 
2 M 2807C00215MJ Vertical Top + Bottom Polyprop. —40 to +70 ' 
2 M 2807C00218MH Vertical | Top + Bottom —40 to +85 g 
2 M 2807C00222MJ Vertical Top + Bottom Polyprop. |—250+/-350 —40 to +70 } 
2 Y 2807C00222YJ Vertical Top Polyprop. |-—250+/-350 —40 to +70 z 
3 Y 2807K00222YJ Vertical Top Polyprop. |—250+/—350 —40 to +70 ¥ 
4 X 2807C00222XJ Horizont. | Top + Bottom Polyprop. |-—250+/-350 —40 to +70 { 
2 M 2807C00227MK Vertical Top + Bottom Polycarb. |—250+/-—300 —40 to +85 4 
4 X 2807C00227XK Horizont. | Top + Bottom Polycarb. }|—250+/—300 —40 to +85 i 
2 M 2807C00333MJ Vertical Top + Bottom Polyprop. |—250+/-—300 —40 to +70 5 
2 M 2807C00340MJ Vertical Top + Bottom Polycarb. |—100+/—300 —40 to +85 bs 
3 Ve 2807K00340YJ Vertical Top Polycarb. }-—100+/-300 —40 to +85 t 
2 X 2807C00340MJ Horizont. | Top + Bottom Polycarb. }—100+/-—300 —40 to +85 5 
2 M 2807C00350MJ Vertical Top + Bottom Polycarb. |—100+/—300 —40 to +85 7 
3 ¢ 2807K00350YJ Vertical Top Polycarb. }|—100+/-300 —40 to +85 ! 
4 X 2807C00350XJ Horizont. | Top + Bottom Polycarb. |-—100+/-—300 —40 to +85 


* Is a registerd trademark of E.I. DuPont de Nemours 
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SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors For Commercial 
And Industrial Applications 


Guaranteed 
Cap. Range 
Min/Max 
pico- 
farads 


Lead 
Config- 
uration 


tOmm Types 250 VDC 


Factory 
Code 
2222-808 


Dielectric 
Material 


Adjustment 
Mode 


2810C2R515PJ Vertical 
2810C2R515QJ : Vertical 
2810C2R515UJ i Horizont. 
2810C00322PJ F Vertical 
2810C00322QJ F Vertical 
2810C00322UJ . Horizont. 
2810C5R540PJ f Vertical 
2810C5R540QJ iy Vertical 
2810C5R540UJ Horizont. 
2810C5R550PH Vertical 
2810C5R550QH 4 i Vertical 
2810C5R565PJ a ; Vertical 
2810C5R565QJ ; Vertical 
2810K5R565PJ Vertical 
2810C5R565UJ Horizont. 
2810K5R565UJ Horizont. 
2810CO0680PK Vertical 
2810KO0680PK Vertical 
2810C006800K Vertical 
2810K006800K Vertical 
2810C00680UK Horizont. 
28 10KO0680UK Horizont. 
2810C07100PK Vertical 
2810C07100QK Vertical 
2810C07 100UK Horizont. 
2810K07100UK Horizont. 


Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 
Top + Bottom 


Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polyprop. 
Polycarb. 
Polycarb 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 
Polycarb. 


Ce 2) |S (OS) oe!) VSS 9 DS) SIS SS Sige 


6 
5 
ii 
6 
5 
if 
6 
5 
7 
6 
5 
6 
5 
8 
7 
g 
6 
8 
3) 
8 
7 
og 
6 
5 
7 
9 


“Not for new design. 


* Is a registerd trademark of E.1. DuPont de Nemours 
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—150+/—500 
—150+/—500 


PTFE Teflon*} —500+/—150 


—200+/—300 
-200+/-—300 
—200+/-300 
—200+/-300 
—200+/—300 
-100+/—300 
-100+/-300 
—100+/-300 
—100+/—300 
—100+/-300 
—100+/—300 
-100+/—300 
—100+/—300 
-100+/—300 
—100+/-300 


Minimum 


—40 to +70 
—40 to +70 
—40 to +70 
—40 to +85 
—40 to +85 
—40 to +85 
+70 
+70 
+70 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
+85 
—40 to +85 
—40 to +85 
—40 to +85 


Min. 
Resonant 
Freq. 
at Max 
Cap. 


Violet 
Violet 
Violet 
Violet 
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SERIES 2800C/K (808) 


Film Dielectric Trimmer Capacitors 


Fig. G 
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SERIES 2800C/K (808) 


Fig. 2 
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SERIES 2800C/K (808) 


ROUND HEAD 


Fig. 5 .098 
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SERIES 2800C/K (808) 


Fig. 8 EXTENDED HEXAGONAL HEAD 
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Fig. 9 EXTENDED HEXAGONAL HEAD 
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SERIES 2800D/E/LIM (809) 


Film Dielectric Trimmer Capacitors 
For Professional Applications 


DESCRIPTION 


6mm x 8 mm x 9mm 

The trimmers consist of a polysulphone housing, 
brass rotor and plated brass stator with a PTFE 
film as the dielectric. The stator plates with their 
tag are heat sealed to the housing. The rotor 
contact surfaces are plated to ensure a long life 
and a stable contact even under severe climatic 
conditions. Flux absorption between the vanes 
is prevented. A color dot indicates the maximum 
Capacitance. 


The trimmers have top and bottom adjustment. 
Top adjustment should be done by means of a 
screwdriver and bottom adjustment by means of 
the key as shown in Fig. 7. 


11mm x 14mm x 9mm 

The trimmers consist of a glass reinforced poly- 
sulphone frame with a polysulphone dust cover, 
brass rotor and stator with PTFE or polycarbonate 
film as the dielectric. The stator plates are stacked 
on pins and separated by rings, so that it is 
possible to produce a single-stator or a differential 
type. The rotor contact surfaces are plated to 
ensure a long life and a stable contact even 
under severe climatic conditions. 

The trimmers have top adjustment by means of a 
screwdriver; capacitance increase is obtained 
with clockwise rotation. (Trimmers with counter- 
clockwise rotation and trimmers with insulated 
rotor are available on request.) 
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10mm x 114mm x 11mm | 
The trimmers consist of a polysulphone housing, 
brass rotor and plated brass stator with a PTFE 
film as the dielectric. The stator plates with their 
tag are heat-sealed to the housing. The rotor 
contact surface is plated to ensure a long life 
and a stable contact even under severe climatic. 
conditions. Flux absorption between the vanes 
is prevented. A color dot indicates the maximum 
capacitance. | 
The trimmers have top and bottom adjustment; 
top adjustment should be done by means of a 
screwdriver, bottom adjustment by means of the 
key according to Fig. 7. 


8mm x 9mm x 10mm ; 
The trimmers consist of a polysulphone housing, 
brass rotor and plated brass stator with a PTFE 
film as the dielectric. The stator plates with their 
tag are heat-sealed to the housing. The rotor 
contact surface is plated to ensure a long life 
and a stable contact even under severe climatic 
conditions. Flux absorption between the vanes is 
prevented. A color dot indicates the maximum 
Capacitance. 

Versions with one rotor tag and with two rotor — 
tags are available. The trimmers have top and 
bottom adjustment; top adjustment should be — 
done by means of a screwdriver, bottom adjust- 
ment by means of the key according to Fig. 7. 


SERIES 2800D/E/L/M (809) 


Series Dielectric Trimmer Capacitors for Professional Applications 


HOW TO SPECIFY 
Series 2800D Film Dielectric Trimmer Capacitors can be completely specified using the following designation: 
28 05 D/E/L 1R810 B Hes 
a = ae al 
Planar he Professional | Lead 
Trimmer Types Configuration 
Capacitor Rotor Capacitance Range (See mounting Dielectric 
Diameter Min. & Max. with R Denoting diagrams) Material 
05= 5mm Decimal Point, i.e.: H=PTFE Teflon* 
08= 8mm 1.8pf to 10pf K =Polycarbonate 
10=10mm =1R810 


Part Number will also include 5 additional digits on end which 
are for internal assignments (for reference only) 


FEATURES 


m@ Effective angle of rotation: 180° 
® Operating torque: 
6mm x 8mm x 9mm (C,,,, = 3.5pf) 1 to 15 mNm 
(.14 to 2.1 ounce inches) 

(Crax = 10 and 18pf) 2.5 to 20 mNm (.35 
to 2.8 ounce inches) 

11mm x 14mm x 9mm 1.5 to 25 mNm (.21 to 
3.5 ounce inches) 

10mm x 11mm x 11mm 2 to 25 mNm (.28 to 
3.5 ounce inches) 

8mm x 9mm x 10mm (C,,,, = 5.5pf) 1 to 15 mNm 
(.14 to 2.1 ounce inches) 

(Crax = 9 and 18pf) 2.5 to 20 mNm (.35 to 2.8 
ounce inches) 

@ Maximum axial thrust 
(AG. 013% O1C.,)..2 |b: 

# Mounting: Can be mounted on printing-wiring 
boards with hole diameter min. 1.25mm (.050 
inch) 

@ Soldering conditions: max. 260°C, max. 10 sec. 

= Rated Test Voltage 

Voltage (for 1 min.) Type 

300 VDC 600 VDC 6mm x 8mm x 9mm 
200 VDC 400 VDC 11mm x 14mm x 9mm 
300 VDC 600 VDC 10mm x 11mm x 11mm 
300 VDC 500VDC 8mmx 14mm x 10mm 

@ Contact resistance max. 5mQ 

@ Insulation resistance between stator and rotor: 

min. 10,000MQ 

~ # Operating temperature range —40 to +125°C 

Minimum storage temperature —55°C 

“Is a registerd trademark of E.Il. DuPont de Nemours 
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SERIES 2800D/E/L/M (809) 


PTFE Teflon Dielectric Trimmer Capacitors For Professional 
Applications 


6mm x 8mm x 9mm 300VDC 


meme nmw HMw 


2805D0R602BH 
2805L0R602BH 
2805D1R203BH 
2805L1R203BH 
2805D1R810BH 
2805L1R810BH 
2805D00218BH 
2805L00218BH 


11mm x 14mm x 9mm 200VDC 


SSS SS SS = = 


2810M00212WH 
2810E2R520WH 
2810M2R520WH 
2810E00440WH 
2810M00440WH 
2810E0O0560WH 
2810MO00560WH 
2810E00680WH 
2810M00680WH 
2810E07100WH 
2810ME07100WH 
2810M07150WK 


10mm x 11mm x 11mm 300VDC 


4 2810D004370H 08002 4/37 Single-Stator 
4 2810D005570H 08003 5/57 Single-Stator 


8mm x 9mm x 10mm 300VDC 


‘Marking for types 11mm x 14mm x 9mm: Marked with max. capacitance value in pf, followed by the Letter E (Single-Stator Type) or the Letter D (Differential Type). 


2808D1R405NH 
2808D1R405MH 
2808D00209NH 
2808D00209MH 
2808D00218NH 
2808D00218MH 


Factory 
Code 
2222-809 


Guaranteed 
Cap. Range 
Min/Max 
pico- 
farads 


Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 


Differential 
Single-Stator 
Differential 
Single-Stator 
Differential 
Single-Stator 
Differential 
Single-Stator 
Differential 
Single-Stator 
Differential 
Differential 


Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 
Single-Stator 


* Is a registerd trademark of E.1. DuPont de Nemours 
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Round 
Round 


Dielectric 
Material 


PTFE Teflon * 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 


PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
Polycarb. 


PTFE Teflon * | —250+/—150 1000 400 170 Yellow 
PTFE Teflon —250+/—150 1000 400 150 Blue 


PTFE Tefion « 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 
PTFE Teflon 


—250+/—200 
—250+/—200 
—250+/—200 
—250+/—200 
= SoU t= 100) 
—350+/—150 
—350+/-150 
—350+/-150 


0+/—200 
0+/-200 
0+/—200 
0+/—200 
0+/-200 
0+/—200 
0+/—200 
0+/—200 
0+/—200 
0+/—200 
0+/—200 
0+/—200 


—250+/—150 
—250+/—150 
—250+/—150 
—250+/—150 
—250+/-150 
—250+/—150 


Resonant 
Freq. 
Minium at Max 
Q Cap. 
@ 100 Miz MHz 


Orange 
Orange 
White 
White 
Red 
Red 
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Design data for selecting and applying 


variable capacitors 


as ee (| 


Configurations. The variable capacitors listed in 
this catalog are direct-engagement, rather than 
screw-compression, types. 

Film-Dielectric Trimmer Capacitors (Figure 1) are 
composed of a set of D-shaped plates rigidly 
mounted in a round or rectangular plastic hous- 
ing, engaging a set of similar plates mounted on 
a central rotor shaft, interleaved with discs of 
plastic film dielectric. Most types are single-stator 
designs (Figure 2A), with a continuously rotatable 
rotor providing minimum-to-maximum capaci- 
tance adjustment over an effective angle of adjust- 
ment of 180°. 

Series 809-070 trimmers offer a choice of single- 
stator (Figure 2A) or differential (Figure 2B) con- 
figurations. 


The differential design provides reciprocal engage- 
ment of the rotor with two separate stators, so that 
the capacitance between one stator and the rotor 
increases, as the capacitance between the other 
stator and the rotor decreases, over an effective 
angle of rotation of 180°. In this Series, rotation 
of the rotor shaft is not continuous, but is limited 
to amaximum of 180°. In all models, connections 
to the rotor plates, and to all stators, are brought 
out as pins or tabs for direct insertion into PC. 
boards. 


Figure 2. Electrical Configurations 
A. Single-Stator 
B. Differential 


Figure 1. Film Dielectric 
Trimmer Capacitor Styles 
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Capacitance Limits. Even when the rotor plates 
in a film dielectric trimmer are competely dis- 
engaged from the stator, a measurable amount 
of capacitance exists between the capacitor ter- 
minals. Though small, this “zero capacitance” 
can be significant in some applications, and its 
maximum possible value is therefore given for 
each capacitor listed in this catalog. This value 
may vary slightly during a production run; for any 
given type, it will often be less than the rated 
value in the tables, but it will never be greater. 
Similarly, the maximum attainable capacitance, 
with rotor fully engaged, will always be at least as 
great as the specified maximum (or the rated mini- 
mum plus capacitance swing) for any given model. 
Capacitance is measured at a standard test tem- 
perature, at a standard test frequency, and at 
negligibly low test voltage. 


NOTES: The standard test temperature for 
Philips Components capacitors is 25°C (77°F). 
Measurements at other ambient temperatures 
must allow for the temperature coefficient of 
the capacitor. The standard test frequency is 
1 MHz. ‘“‘Negligibly low test voltage” means 
that the test voltage applied is not high enough 
to cause significant temperature rise due to 
losses and leakage. Usually, at the standard 
test frequency, the test voltage is not critical. 


Temperature Coefficient (of Capacitance). The 
maximum change in capacitance per unit change 
in the temperature of the capacitor, usually 
expressed in (+) parts per million of nominal per 
degree Centigrade. A T.C. rating is associated 
with a specific temperature range, over which the 
maximum T.C. is never exceeded. 
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variable capacitors 
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NOTES: The temperature reference in this 
specification is that of the capacitor, not the 
ambient temperature...although, in the 
absence of self-heating due to losses or leak- 
age, if the capacitor has had time to reach 
thermal equilibrium with the ambient, the 
Capacitor temperature will be the same as the 
ambient temperature. The preferred test 
method is to measure capacitance (at negli- 
gible test voltage for the frequency specified) 
at several different temperatures, holding each 
temperature long enough for the capacitance 
to stabilize. 
T.C. Tolerance. The maximum uncertainty in the 
temperature coefficient, expressed as a deviation 
in the nominal T.C. rating, over the temperature 
range for which the nominal T.C. was given. This 
tolerance indicates the variations in T.C., from 
unit to unit of the same model, that must be 
allowed for in a worst-case analysis of compen- 
sation or stabilization. 
Quality Factor (Q). The ratio of the equivalent 
shunt resistance to the reactance of the capacitor, 
at a specified test frequency. Alternatively, the 
ratio of the reactance of the capacitor to its 
equivalent series resistance. 
NOTES: The equivalent shunt (or series) resis- 
tance represents a// the losses in the capacitor, 
regardless of their source, at the specified 
frequency. Clearly, the sources of power loss 
in a capacitor are both series-connected (e.g. 
lead resistance) and shunt-connected (e.g., 
dielectric losses), but it is assumed, in Q cal- 
culations, that all losses may be represented 
by a single resistor. Q is sometimes called 
“Storage Factor.’ 


C 
R 
Ref Q= = = 2nf C Reh 
Cc 
Rse C 
Xo 1 
Figure 4. Derivation Q= = 
of Quality factor. ~ Rse 2nt C Rse 
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Dissipation Factor (D). The inverse of Quality 
Factor, as defined above, usually expressed in 
percent of unity: 


Example: for Q = 50, D = 0.02 or 2%. 


DC Leakage and Insulation Resistance. The 
insulation resistance is the ratio of the DC test 
voltage impressed across a capacitor to the cur- 
rent that flows through it, at a specified DC test 
voltage and a specified capacitor temperature. 
The current is measured after the capacitor has 
had an opportunity to charge up to the test volt- 
age. The leakage current is simply the current 
measured in the above-described test, usually 
with a test voltage set at the rated working volt- 
age of the capacitor. 
NOTES: The insulation resistance is not to be 
confused with the equivalent shunt resistance 
described under Quality Factors. The two are 
only equal at DC; at AC, the equivalent shunt 
resistance is lower, to account for dielectric 
and series losses. Leakage is only one loss 
component. 
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Fixed Resistors 
QUICK REFERENCE INDEX 


INDUSTRIAL/CONSUMER GROUP 
Philips 
omponents 


Temperature Max. 
Resistance Tolerance Coefficient Voltage 
Body Range Range Range Range 
Series Category Type (ohms) (+£%) (PPM/°C) (volts) Page 
SPACE GENERAL METAL FILM 220-10Meg 5% +100 % 200 482 
MISERe PURPOSE Conformal 100-10Meg 1% +100 % 200 
Coated 
CR GENERAL CARBON FILM 10-10Meg 5% —200 to M% 250- 488 
PURPOSE Conformal +500 +300 % 350 
Coated 
SFR GENERAL METAL FILM 10-10MegQ, 1%-2% ~=200 & M% 250- 490 
PURPOSE Conformal 5% +100 Vp 350 
Coated 
POWER METAL FILM 1R-1Meg +5% =250 1 350 497 
FILM Conformal i 500 
Coated 3 700 
CERMET FILM | 100K-220Meg +5% +200 %,¥o,1 to 
VOLTAGE/ Conformal 10KV 
HIGH Coated 
VALUE 
NFR FUSIBLE/ METAL FILM 10-15KO +5% +100 %¥s,¥% 350 
FLAMEPROOF | Conformal +200 500 
Coated 
Jumper N/A .0010 Max N/A N/A Ye-1 500 
Wire 
JUMPER 
WIRE 
SPR STANDARD METAL FILM 10-1Gig 0.5%-5% O50 to Y-1 250- 5 
(5000Y) PRECISION Conformal 504 
Coated 


De) 


499 
501 
503 

04 


UPR & ULTRA METAL FILM 51.10-511K | 0.02%-1.0% 3215) (lO) Yao-Va 200- 507 
MATCHED | PRECISION Conformal +25 300 512 
SETS Coated 
(5000Z) 


PRECISION METAL FILM 50-100K .05%-1% + to (@25°C) 160- 509 
POWER Conformal +100 1-5 500 
FILM Coated 


INDUSTRIAL/STANDARD MILITARY a 
Temperature Max. x 
Resistance Tolerance Coefficient Voltage 
Range Range Range Range Q 
(ohms) (+%) (PPM/°C) (volts) Page bs) 
RL MIL-R-22684 | METAL FILM | 4.30-470KQ 2% +100 Y-Ve 250- 513 ® 
(5000T) Conformal 5% 350 7) 
Coated o' 
RN MIL-R-10509 | METAL FILM 10-4M 0.1%-1% =a746) Yo-h 200- Sono &h 
(5000R/M) Conformal +100 350 8 
Coated = 
7) 


ESTABLISHED RELIABILITY (MIL) 


RLR MIL-R-39017 | METAL FILM 4.30-1.330 1%-2% +100 YY 200- 518 
(5000U) Conformal 350 
Coated 
RNC MIL-R-55182 | METAL FILM 100-3.01M 0.1%-1% +25 to @+125°C 200- 520 
(5000V) Conformal +100 Yo-M 300- 
Coated 
RNR MIL-R-55182 | METAL FILM 100-1.21M 0.1%-1% 2205 @+125°C 200- 522 
(5000A) Hermetic Seal +50 Yo-M% 300- 


PACKAGING INFORMATION FOR PHILIPS COMPONENTS RESISTORS 
DESIGN DATA FOR SELECTING AND APPLYING FILM RESISTORS 
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SPACE MISER' 
5063J Metal Film Resistor 


1% & 5% Tolerances 
100 PPM/°C T.C.R. 
Power Rating 
1/3 Watt @ 70°C 
for 10,000 Hr. Operating Life 
1/4 Watt @ 70°C 
for 225,000 Hr. Operating Life 


: 
| 
. 
} 
; 
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DESCRIPTION FEATURES 


Philips a Pode one aecalee of beens aes @ Designed for High Density Applications 

many combine to offer general purpose meta 

film resistors suitable for high density packaging. ” Sa el eeenioentdrs rtion on as Close as 
The 5063J Space Miser dissipates 1/3 Watt in ~ a Pe 
a package the size of the smallest 1/8 watt. @ 1/3 Watt (No Power Sacrifice While Downsizing) 


In addition to the small size, the 5063J Space ™ Tape and Reel & Ammo Packaging for Auto- 
Miser offers the outstanding electrical charac- matic Insertion 


teristics—low noise, low reactance, stability, tem- m Exceeds the Stability Requirements of Mil-R- 
perature coefficient—of a truly superior metal 10509 


film resistor. 0 «ili 
The 5063J Space Miser features a high alumina pia agents ue Revels eee ae 
core for superior mechanical strength and heat ™ Excellent Pulse-Handling Characteristic 
dissipation; 0.020 in leads for ease of auto inser- 
tion and heat dissipation; inline pulse testing for = 
reliability enhancement; and an effective coating ee ee 
system for solvent and environmental protection. om 

B |__| 2 


SPECIFICATIONS cUeek 


; Resistance Max (& 
(a wl Range TCR. Voltage Max 
P/N (ohms)* (VRMS) (mm) 
5063J +5% .22-10 MEG +100 200 0.142 in. 0.063 in. dedein: 0.020 in. 
+1% 1-10 MEG +100 200 (3.6) (1.6) (29) (.5) 
Power Rating at 70°C—1/3 Watt for 10,000 hour life; 1/4 watt for 225,000 hour life. 
“The 5063J is also available as a zero ohm resistor. 


ee Pee ee ee 


ns TO ye ae 


D 


Ee ESPs 1 wr ES Ger es eer nic 


482 Philips Components « Airport Road, P.O. Box 760, Mineral Wells, TX 76067 « (817) 325-7871 ° FAX: (817) 326-1052 


SPACE MISER' 


5063J Metal Film Resistor 


PERFORMANCE SPECIFICATIONS COMPARISON 


% Change in Resistance (AR) 


5063J 
Tolerance 


Mil-R-39008 
Style RCR 
Requirement 


Mil-R-22684 
Style RL 
Requirement 


Mil-R-10509 
Style RN 
Requirement 


Test 


Temperature Cycling, —65°C to +150°C 
Low Temperature Operation, —65°C 
Short Time Overload 

Terminal Strength, 5 Ib. pull 

Resistance to Soldering Heat, +350°C 
Moisture Resistance, Mil Std 202 

Life 1000 hrs (1/3 watt) 

Life 1000 hrs (1/4 watt) 

Life 1000 hrs (1/8 watt) 

Shock, 50G, 11ms 

Vibration-High Frequency, 10-2000Hz 


15% Of parts tested had smaller changes than indicated. 


7ART MARKING 


Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 
Gold 
Silver 


|} GP Ce) SV Con Gi ES gp Ny SS vw 


[Fowe | Fowe [Fawe | wattnver Tolerance 


lOW TO SPECIFY 


163 Resistors can be completely specified using the following designation: 


te 
=) 
50 6 3 J D 270KO F PD. 
Fixed Sty! 
Resistor e Resistance 
Axial Lead J = MBA Tolerance 
: F=+1% 
Resistance Value aac 
Power Rating Temperature R—ohm diriee 
1/3 Watt Coefficient K—1,000 ohm 
D = +100 PPM/°C M—1,000,000 ohm 
49R90 = 49.90 
Encapsulation Style pichnestes 


3 = Conformal 


1MO00 = 1 megQ 
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SPACE MISER’ 


5063J Metal Film Resistor 


Application Guidelines 


PREFACE 

A resistor is a simple device. So why are we issuing 
an applications guide? 

One reason is that film resistors really aren't quite 
so simple. For example, the materials selection is 
critical. Materials must be matched for thermal ex- 
pansion characteristics, for chemical compatibility 
under a variety of ambient conditions, and for sta- 
bility with time and temperature. Plus the processes 
involved in the manufacture of a resistor are quite 
sophisticated. Many processes used in IC or hybrid 
production were developed for, or first used for, 
discrete resistors. 

A second reason is that pure, absolute resistance 
exists only in textbooks. All resistors have some 
degree of capacitance and/or inductance. All resis- 
tors are, to some degree, unstable with time, tem- 
perature and load. 

Our third reason is that, as in the development of 
any product, the design and manufacture of the 
5063 resistor involves a number of technical alter- 
native decisions which impact your application of 
the product. 

To simplify the introduction of the 5063J, we have 
presented a series of questions and answers re- 
lated to each major application factor. In developing 
the answers, we have tried to include some of the 
reasoning behind the design alternative decisions. 
We may not have answered the question in your 
mind or we may not have provided enough detail. 
If not, give us a call and we'll do our best to help 
you. 


POWER RATING 


The power rating indicates the maximum power that 
can be dissipated continuously at a specified ambient 
temperature with the ‘hot spot’ temperature not 
exceeding a specified maximum temperature. 

By lowering the “hot spot” temperature, the resist- 
ance change over time can be reduced and the useful 
life of the resistor extended. 


Resistance | Hot Spot Max % AR vs. Time 
Rating Value 


Temperature 


1/3 Watt | 10 to 100K 155 0.50 1.10 = 
1/4 Watt | 10 to 100K 125 0.25 0.55 1.60 
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Power 


POWER DERATING 

The 5063J Space Miser can be operated at ambient 
temperatures higher than 70°C, provided the dissi- 
pated power rating is reduced per the following curves. 


Power (watts) 


140 
Ambient Temperature — °C. 


80 


0.6 


Operating time 225,000 hours. 


Power (watts) 


be db yh 
Pe Se te Ps a 
tt a 


40 120 160 
Fe E cee _ pe 


Q. How can the 5063J be rated as a 4, watt when 
it's only a % watt body size? 

A. First, there is an historical aspect to the size 
vs. power rating question. In the U.S. in the late 
1950's, when the first metal film resistor specifi- 
cations were being written, it was deemed desir- 
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SPACE MISER 


5063J Metal Film Resistor 


able to have the film resistor the same size as a 
carbon composition of the same power rating, 
even though the thermal characteristics were 
quite different. 

So when we say that a resistor is a '% watt size’, 
one meaning is that it is the size set by the mili- 
tary originally for carbon composition for % watt 
dissipation. In actuality, the ability of a resistor to 
dissipate power is a function of (1) the tempera- 
ture hardness of the materials used and (2) the 
efficiency of heat transfer to the world outside 
the resistor. Size is, of course, a factor, but for 
film resistors, not the most important one. 

The 5063J was designed specifically to be able 
to dissipate maximum power in the minimum size 
to allow downsizing without electrical redesign. 

Q. Why the double (1/3 & 1/4 watt) ratings and 
how are they to be used? 

A. We divided applications into normal and long- 
term classifications. A “normal” application is de- 
fined as one where the useful operating life of the 
equipment is 10,000 hours or less. An example 
would be an automobile. The life of an auto is 
estimated as 100,000 miles at an average speed 
of 20 miles/hour or 5,000 hours. 

The definition of “long-term” is 225,000 hours 
operation. An example of this kind of application 
would be telephone switch gear, which is in con- 
tinuous operation for many years. 


Since the resistor is not required to “last” as long 
in a normal application, it can be rated higher, 
with a higher operating temperature. Conversely, 
for the long-term application, the operating tem- 
perature must be lower to extend the life of the 
resistor. 


‘nati Surface Temperature : 
Application Life 
Normal 155°C 10,000 Hrs 
Long-term 125°C 225,000 Hrs 


Q. How does the 5063J differ from other film 
resistors? 


A. Let’s look at how the 5063J is constructed and 
how it functions thermally. The mechanics are 
simple—a ceramic rod is coated with a thin film 
of various resistive alloys, end caps are press- 
fitted, the film is cut in a helix around the cylindri- 
cal rod to increase the resistance, leads are welded 
to the end caps, the body is coated for environ- 
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mental protection and the body is color banded 
for identification. 

The electrical energy is converted to heat in the 
resistive film. The heat is then conducted to the 
outside (using air as the immediate environment) 
by two primary paths: 


1. FILM—»>CORE—>CAP— > AIR 


Ly teaD—air 
PCB— AIR 


2. FILM—>COATING — AIR 

To optimize the heat transfer, the 5063J has several 
interesting features: 

(1) The core material is a specially developed, high 
alumina, highly thermally-conductive formulation 
which improves the transfer of heat from the core 
through the core to the cap. 

(2) The bottom of the end cap is uncoated, which 
increases the area of metal to air surface exposure. 
(3) The 5063J has larger leads. Most resistors of 
this size have .016" diameter leads while the 5063J 
has .020". This increases the metal to air surface 
area and, more importantly, as heat transfer is pro- 
portional to cross sectional area of the lead, increases 
the heat transfer to the printed circuit board by a 
factor of 1.56. 

(4) The coating on the 5063U is thinner than normal. 
The most important role of the coating is to protect 
the resistor from adverse environments— abrasion 
and humidity primarily—and to isolate the resistor 
electrically. 

Unfortunately, the materials which do this best are 
also good thermal insulators, so that heat transfer 
along the second path cannot be maximized without 
compromising the main purpose of the coating. A 
proprietary coating has been developed for the 
5063J which will perform the primary function of 
protection and isolation with a minimum thickness. 


MOUNTING 

Packaged to allow use of standard auto insertion 
equipment (Ammo pack or reel). 

200 in. centers possible (leads bent at right angles). 
Rugged construction with high alumina core prevents 
breakage. 

0.020 in. leads provide easier handling by automatic 
insertion equipment. 

Color banding for ease of on-board identification. 
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SPACE MISER 


5063J Metal Film Resistor 


Q. Because of the unique design, are there any 
special precautions which need to be taken in the 
application of the 5063J? 

A. Possibly. Remember, the body temperature of 
the 5063J at maximum dissipation and ambient 
temperature is 155°C so check the temperature 
rating of the printed circuit board. If your applica- 
tion is at maximum dissipation and ambient tem- 
perature with minimum spacing, the solder joint 
temperature may also be critical. 

RELIABILITY 

100% inline pulse test to eliminate infant mortality. 
High alumina core and 0.020" leads provide a “cooler” 
hot spot at any given wattage than other resistors of 
the same size for longer life. 

In use failure rate of .00007%/1000 hrs. 
Manufactured under CECC quality assessment 
program. 

Q. What is Philips Components’ position on Quality 
of the 5063J? 

A. Although Mepco/Centralab doesn’t manufacture 
the 5063J, we back the product exactly as though 
we did. 


Before offering this product, we conducted an exten- 

sive evaluation in our own test facilities, using the 

same equipment and procedures we use to test Philips 

Components products to the Established Reliability 

Specifications. We found the performance to be 

excellent. A summary of this test is an addendum to 

this guide. 

We have visited Beyschlag to review the manufac- 

turing facilities and to talk with their technical, quality 

and management people. The Beyschlag organiza- 

tion is of the finest caliber. (We believe we should 

know because we’re not exactly new to this business.) 

Beyschlag has earned an international reputation 

for superior quality—that’s one reason we joined with 

them in offering this product. 

Q. What is the inline pulse test? 

A. The inline pulse test consists of 

[a] reading of the resistance; 

[b] loading the resistor with a maximum pulse of 
50 times the rating; 

[c] reading the resistance; 

[d] calculating the change in resistance; 

[e] eliminating any resistors which change more 
than a specified amount. 

The initial resistance reading establishes the norm 

for that resistor. If the resistor has a critical defect 

or flaw, the pulse applied will induce a change 
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in resistance. The second reading measures that 
change and compares it to astandard for expected 
change. If the standard is exceeded, the resistor 

is rejected. 

Q. What is the “in use failure rate’? 

A. This is the maximum estimated failure rate at 
60% confidence, valid for resistances from 10 to 
100,000 ohms, mounted in equipment after the 
equipment has left the equipment test area. 

Q. The 5063J is manufactured under the CECC 
Quality Assessment Program. What exactly does 
that mean? 

A. CECC stands for the CENELEC Electronic 
Components Committee. CENELEC is the Euro- 
pean Committee for Electrotechnical Standards. 
This is a European International standardization 
and Quality Assessment group with the power to 
grant a Mark or Certificate of conformity. 
CURRENT NOISE 

Current noise is generated by the passage of current 
through the resistive material. It is inversely propor- 
tional to frequency and proportional to the square 
of the current. 

In addition to the above general relationships, current 
noise depends greatly on materials, design, manu- 
facturing techniques and resistance value. 

Noise index is the ratio of current-noise voltage to 
average DC voltage produced by a specified current, 
measured over a one-decade frequency bandwidth 
and is expressed in microvolts/volt. 

The following chart presents the maximum value of 
95% of the population. 
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Q. Why is noise considered important? 


A. In addition to the obvious concern that a low 
level signal may get lost in the noise, noise is an 
indication of the reliability of the resistor. The 
same defects which can cause failure of the resis- 
tor most likely will make the resistor noisy. 


Q. What types of defects cause noisy resistors? 


A. Generally, defects which can intermittently 
impede current flow, such as flaws in the core, 
film defects and helixing flaws. 

PULSE LOAD RATING 


m@ Instantaneous power can be higher than that 
shown by the derating curve provided the follow- 
ing conditions are observed: 


Following conditions must be fulfilled 
simultaneously: 


te 
mal 
tR Viedt PT (1) 
ta 


Ilvyjl ci / Py °R (2) 


t 
IVjl = cu * V max (3) 


Py: Permissible constant load at a 
given ambient temperature T 


cl) a] a 
LL TEN ELT | nat on 

Fs DS al ie 
hel Alaa baba Lelsecleh le | 
RESEEN EM EEPSAS 
phafel hdl MaNb dal eb 


EEA 
BEE EERO LT 
Eee as 


t; (Seconds) 
—————————_ Operating Time 10,000 Hrs. 
— — — — — Operating Time 225,000 Hrs. 


Q. What do these conditions mean? 


A. The first equation in essence says that the 
average power over the duration of one pulse 
cycle must not exceed the rated power. The sec- 
ond limits the peak voltage to a multiple of the 
rated voltage for the resistance under test, while 
the third places a further restriction on the voltage 
by limiting it to a multiple of the maximum con- 
tinuous voltage. The multiples are a function of 
the duration of the pulse and are given in the 
graph. 
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SPACE MISER 


5063J Metal Film Resistor 


EXAMPLE: Pulse load rating for long-term 
operation. 


GIVEN: R = 100 Ohms 


T = 70°C 

Vi = 25 V (square wave) 
ti = 0.2 ms 

to = 0.1 sec 


LIMITS: P79 =O: 5 watt 


Apr 00. 
FROM GRAPH: cu = 2.4, ci = 5.4 
CONDITION 1: 


, 
0.1 X 100 ohm 


0.0125 Watt < 0.25 Watt 


CONDITION 1 - OK 
CONDITION 2: 


25V < 5.4 \/0.25 Watt « 1000 < 25V 
CONDITION 2 - OK 


j ; (25V) 2X 0.0002 sec = 


CONDITION 3: 
25V < 2.4 * 200V < 480 


CONDITION 3 - OK 
REACTANCE 


The reactance of the 5063J is primarily capaci- 
tive. (There may be some inductance at very high 
frequencies on small ohmic values, but it will be 
low.) 

Because the reactance of film resistors is small, 
it is very difficult to measure. External factors 
such as length of leads, layout of the circuit, 
environmental stray capacitance, measuring 
equipment, etc. may have a significant effect on 
the measured value. 

When measured witha Hewlett Packard 4720A 
automatic capacitance bridge, the 5063J dis- 
plays the following characteristics: 

(a) floating connections: C=0.15 to 0.20 pF 

(b) one side grounded connections: C<0.5 pF 
The capacitance was independent of resistance 
value and frequency up to 1 MHz. 

Q. How does this compare to other film resistors? 


A. The reactance of film resistors is primarily 
dominated by the cap to cap capacitance so that 
resistors of the capped construction and same 
physicai size will have about the same reactance. 
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CR SERIES 


Industrial/Consumer Conformal-Coated 
5% Tolerance 
1/4, and 1/2 Watts (70°C) 


Carbon Film Resistors 


DESCRIPTION | DESIGN FEATURES 


CR Series resistors are the highest-performance, m Highest Carbon-Film Temperature and Time 
highest-reliability low-cost carbon-film resistors — Stability, approaching those of industrial metal- 
available at the current state of the resistor art. film resistors. 


They are particularly well suited to those appli- » Low Voltage and Power Coefficients, approach- 


cations that require significantly better perform- fi 
ance than can be obtained with carbon-compo- A et metal tim fesisicls Oa 


sition resistors, and offer a simultaneous reduc- : 

tion in cost as well. These resistors feature very # Lowest Noise Index Ever Attained in Carbon- 
low noise, excellent stability, and wide operating — Film. 

frequency range, in minimum size for their power ™ Very Low Reactance—negligible series L, very 


ratings. low shunt C; reactance error is generally less 
than tolerance up to 10MHz, for most resist- 
ance values. 
m Excellent Immunity to Environmental and 
DIMENSIONS Electrical Stress. Highest reliability, longest 


stable life of any design in this class. 
# Most Compact Construction in this class. 


m@ Very Durable Design. Especially well suited to 

fie automatic assembly, wave soldering, convey- 
orized handling. Easily withstands industrial 
solvents used in cleaning circuit assemblies 


: Dimensions Inches (mm)—see diagram 
Resistance Max. 


Range Resistance Voltage Cc 
(Type) (Ohms)* Tolerance (Volts) 


5043CX-J 1/4W 19-10 Meg +5% 0.268 0.098 1.102+.079 0.024 
(CR25) (6.8) (2.5) (28+2) (0.6) 
5053CX-J 1/2W 10-10 Meg +5% 0.393 0.145 1.102+.079 024 
(CR37) (10) (3.7) (2842) (0.6) 


“Within the resistance ranges shown, the available resistance values are indicated in the MIL 10 to 100 decade table of values (see table page 525), 
and their decade multiples. 
“Maximum run off on lead is 1 MM max. (0.039") when both sides are added together. 
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SPECIFICATIONS & NOMENCLATURE 


Philips 
Components 
P/N 


488 Philips Components Airport Road, P.O. Box 760 » Mineral Wells, TX 76067 ° (817) 325-7871 * FAX: (817) 326-1052 


tT ap Fae 


CR SERIES 


Industrial/Consumer Conformal-Coated Carbon Film Resistors 


PERFORMANCE CHARACTERISTICS DERATING CURVE 
SPECIFICATIONS 1/4 W 1/2 W “ans 
Power rating Prom w 
el) OC ae et a ee 0.25W 0.5W = go 
Maximum voltage AC g 
Ome mreit es: b . Te 250V 350V B 
Voltage (RMS) that may be E60 
applied for 1 sec. across a 
ificGlated Coat. 2)... SOOV 7O0V Oo "4g 
Insulation resistance ..... 104MQ 104MQ oz 
ALL TYPES crt | A il Nees 
Ambient temperature ..... Ooms boD GC = ESI Saas 
Temperature coefficient. .. . see figure 2 IS | esos ve |b aele yeNG | 
Noise voltage ........... see figure 1 30 50 70, 90 410° 100° (150 170 
Dielectric Withstanding Voltage AMBIENT TEMPERATURE °C 
2x limiting voltage for 1 min. between 
terminals of resistor and HOW TO SPECIFY bd Sgt 
mela ton no breakdown or flashover CR SERIES Resistors can be completely specified using 
the following SESS 
MARKING 50 3 470KO 
CR series resistors are marked using four color Blt 
bands, per EIA specification RS-196A. 
Fixed i 
PACKAGING Resistor C = Carbon 
Available in Bulk (100 pieces per box) or Tape and 4%"?! ny r Fall rile Resistance 
e olerance 
Reel (5000 pieces per reel). i= 74 thea Seatac 
noise Noise ) Resistance Value 
(dB) WIN Encapsulation Style R—ohm 
9 3 = Conformal K—1,000 ohm 
; 4 M—1,000,000 ohm 
: 6.6 A99RO = 49920 
1K000 = 1KQ 
temp. coeff. 1M000 = 1 megQ 
a (10°°/k) 
. -700 
cre -600 
-500 
+ 0.67 =200 90% confidence interval 
| av -300 
-200 
0.25 F386 
i “10? 10° 104 108 R(2) 10° 
10 102 103 104 105 108 a Figure 2. Temperature coefficient as a 


R (Q) 
Figure 1. Noise as a function of the resis- 
tance value, applicable to all resistor watt- 
ages. 
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function of the resistance value, applicable 
to all resistor wattages. For values<100 
& >1Meg the Temperature Coefficient is 

<= +200x 10-5; °C 
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SFR SERIES 5043E 


Standard Film Resistor 


METAL FILM 

1%, 2%, 5% Tolerances 
Yq Watt (70°C) 

Power Ratings 


DESCRIPTION 


Philips Components now offers a low cost metal 
film resistor in a 1/4 watt with a wide range of 
resistance values and tolerances. Designed for 
high value manufacturing and automatic insertion, 
the SFR series provides an economic way to 
upgrade your circuit with the superior stability, 
temperature coefficient, low noise and low reac- 
tance inherent in a well designed metal film 
resistor. 

The +2% and +5% tolerance SFR’s have a tem- 
perature coefficient of +200 PPM/°C and are 
specifically designed for replacement of carbon 
composition (RCR 07 & 20), carbon film and older 
design metal film resistors such as RLO7 and 
RL20. The 1% SFR55D’s with their +100 PPM/°C 
temperature coefficient are specifically designed 
for high volume 1/4 watt resistor applications 
requiring RN55D performance. 


SPECIFICATIONS 


Resistance 
Tolerance 


Resistance 
Range 


Temperature 
Coefficient 


SFR Style 


5043EM 
(SFR 25) 


5043ED 
(SFR 55) 


100 - 1MO 
10 - 10MOQ 


100 - IMO 


+200 PPM/°C 


+100 PPM/°C 


Lead Material: Oxygen free copper 30/70 Tin/Lead Plated Type C (Mil-Std 1276) 
Coating: Modified epoxy phenol 
Zero-ohm jumpers available upon request 
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% watt 


% watt 


FEATURES 
@ Better than Military Performance (MIL-R-10509, 
RN55) 


= Compact Construction for Down to .350 in. 
Centers (.260 In. Max. Clean Lead to Clean Lead) 


@ Color Band Marking for Ease of Identification 
after Mounting 


@ Tape and Reel Package for Automatic Insertion 


Designed To Put The Maximum 
Performance Into The Circuit At The 
Lowest Possible Cost. 


Maximum 
Voltage 
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SFR SERIES 


Standard Film Resistor 


LECTRICAL CHARACTERISTICS COMPARISON 


Wis Mil-R-39008 Mil-R-22684 Mil-R-10509 
Specification RCR RL Char. D, RN 


Resistance Range Y4 watt 10 - 10MO 2.70 - 22MQ 510 - 150KO 100 - 301KO 
Tolerance %4 watt 21%, ==2%, 5% +5%, =10% = 2%, +=5% = 1% 
Temperature Coefficient 

PPM/°C %4 watt +100, +200 +5000 +200 +100 
‘Maximum Operating Voltage % watt 250 250 250 250 

(OC or RMS) 

Operating Temperature Range =65°C to +155°C 1’ =55°C'to. 150°C pol CG to 1bO°€ —55°C +165°C 


ERFORMANCE SPECIFICATIONS COMPARISON 


Maximum % Change in Resistance (AR) 


Mil-R-39008 Mil-R-22684 Mil-R-10509 
Style RCR Style RL Style RN 
Requirement Requirement Requirement 


SFR Series 
Average 


Test 


Temperature Cycling, — 65°C to + 150°C 0.1% 
Low Temperature Operation, — 65°C 0.1% 
Short Time Overload 0.1% 
Terminal Strength, 5 Ib. pull 0.01% 
Resistance to Soldering Heat, + 350°C 0.05% 
Moisture Resistance, Mil Std 202 0.1% 
Life 1000 hrs 0.25% 
Shock, 50G, 11 ms 0.05% 
Vibration-High Frequency, 10-2000Hz 0.05% 


YSICAL COMPARISON 
TLINE DRAWING 


.260 max .098 max .024 = .002 
Clean 250 + .031 .090 + .008 023 to .027 
Lead to 243 + .038 .090 + .008 019 to .027 
Clean 
Lead 250 + .031 109 + .031 023 to .027 


— .046 
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SFR SERIES 


Standard Film Resistor 


PART MARKINGS 
CUT AND FORM 
| 300" 
bl EB 
{—_ 4o,—__ 
300" 
[00] 
0 
1 
2 
3 
4 
5 
6 
Violet 7 
Gray 8 
White 9 
Gold _— 
a 
ba 
© 
Q 
Ps 
S HOW TO SPECIFY 
Pam 
ce SFR Series Resistors can be completely specified using the following designation: 
S 
7) 50 4 3 E M 470K0 G 
| Temperature Resistance 
Fixed Coefficient Tolerance 
Resistor D = +100 PPM/°C F=+1% 
Axial Lead (SFR 55D) (SFR55D) 
M = +200 PPM/°C G = +2% 
. = 5% 
Power Rating bie 
4 = % W—SFR 25, SFR55D E = Standard ~ 
Flin Resistor Resistance Value 
R—ohm 
K—1,000 ohm 
Encapsulation Style M—1,000,000 ohm 
3 = Conformal 49R90 = 49.90 
499RO = 4990 
1KO00 = 1KQ 
1MOO00 = 1 megQ 
492 Philips Components ¢ Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 + (817) 325-7871 * FAX: (817) 326-1052 


an tn —— eee 


SFR SERIES 


Standard Film Resistor 


TAPED LEAD & REEL PACKAGE CONFIGURATIONS, CUT AND FORM 


All Philips Components SFR Fixed Film resistors 
are furnished in taped-lead format, in multiples 
of 5000 pieces, to suit the requirements of auto- 
mated production. Bulk available upon request. 


300" 
LEAD TAPING DIMENSIONS ae 


Salices P ALIGNMENT 


COMPONENT | 
SPACING 300" 


SPACING BETWEEN TAPE 


Dimension in Inches (millimeters in bold type)—see diagram. 


2.062 + .062 
52.4 + 1.6 


n 
3 

EL PACKAGING © 
ENSIONS & 
| 1. Kraft paper (brown) Ds) 
2. Spirally-wound paper spool © 

3. Cardboard disc 2. 

4. Scotch No. 267, or 4 

comparable tape/tape system \s) 

P 


Bare tape at beginning 
and end of reel: 36" 
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9053H (SFR25H) 


Metal Film Resistor 


1%, 5% Tolerances 1/2 Watt at 70°C Power Rating 
Miniature Size 


Designed to put the maximum 
performance into the circuit in the 
minimum space. 


DESCRIPTION FEATURES 


Philips Components has combined the low cost a Minaturerotmseion Minimum Boat? Shea 
manufacturing of the SFR series with a high con- Requirements: (Garrbe placed on3 2G iiae as 
ductivity, high density alumina substrate resulting @ Color Band Marking for Ease of Identification 
in alow cost, superior performance, 12 wattresistor | after mounting. 

ait see ae oe its arene ofaconventional /2 m Tape & Reel Packaging for Automatic Insertion. 
watt resistor. The retains all the advantages 

of the SFR series: Uniform size, low raantanee zs arias al Perionnance (MC. 
low noise, excellent temperature coefficient of oe ) 
resistance and stability. The 5053H complements y-—_, 
the SFR6OD and SFR30 in the Philips Components 
line. Itis a replacement for the RC20, RN60, and —— 

RL20 Mil styles in applications not requiring ae 
qualification. B 


SPECIFICATIONS 


Philips 


Maximum 
Voltage 


Temperature 
Coefficient 


Resistance 
Tolerance 


Resistance 


5053H 109 - 1MO 1/0 £100 PPM/°C Ye watt | 350 VRMS .260 in. .098 in. 1.1 in. 024 in. 
(SFR25H) 10 - 10MQ © 5% +200 PPM/°C 6.6 mm 2.49 mm 28.0 mm .6 mm 


“Within the resistance ranges shown, the available resistance values are indicated in the MIL 10 to 100 decade table of values and their 
decade multiples. 
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SERIES 5053H 


Metal Film Resistor 


sLECTRICAL CHARACTERISTICS COMPARISON 


5053H 
(% Watt) 


Resistance Range 1090-1MQ}] 10-10MQ 
sea (VF aes yA 


MIL-R-39008 MIL-R-22684 


RCR RL Char. D, RN 
(1/2 Watt) (1/2 Watt) (1/2 Watt) 


2.70 - 22MQ 510, - 150KQO 100 - 301KQO 
= Son 10 2%; 2076 =1% 


MIL-R-10509 


Tolerance 


Temperature Coefficient 
PPM/°C 


~ Maximum Operating Voltage 
| (DC or RMS) 


Operating Temperature Range 


100 +200 +5000 ==Z200) +100 


350 350 350 350 350 


—95 Cito 65 -C —56°Citom 150°C: | = 55°C to -150°C: 55°C to: 165°C 


27ERFORMANCE SPECIFICATIONS COMPARISON 


Maximum % Change In Resistance (AR) 


MIL-R-39008 MIL-R-22684 MIL-R-10509 
Style RCR Style RL Style RN 
Requirement Requirement Requirement 


Temperature Cycling, —65°C to +150°C 
Low Temperature Operation, —65°C 
Short Time Overload 

Terminal Strength, 5 Ib. pull 

Resistance to Soldering Heat, +350°C 
Moisture Resistance, Mil-Std-202 

Life, 1000 hrs 

Shock, 50G, 11ms 

Vibration-High Frequency, 10-2000 Hz 


2HYSICAL COMPARISON 
UTLINE DRAWING 


Sh 


.260 max .098 max 1.1 nom .024 = .002 


hor OS 1oG=s2O23 125.2125 .026 to .036 
.380 += .036 138 = .023 1OP= 25 .026 to .036 
LO .V62 125+ .40 1S anl 25 W252. .002 
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SERIES 5053H 


Metal Film Resistor 


PART MARKINGS 
9053H (1%, 5%) 


Black O 
Brown 1 
Red 2 
Orange 3 
Yellow 4 
Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 
6 Gold = 
7 
g HOW TO SPECIFY 
Ps) 5053H Series Resistors can be completely specified using the following designation: 
1) 
% 50 5 3 ~ D 470K F 
8 
= Temperature Resistance 
8 Fixed Coefficient Tolerance 
a | Resistor D = +100 PPM/°C F= +1% 
) Axial Lead M = +200 PPM/°C J = +5% 
Power Rating Style Resistance Value 
5=% W H = Standard R=ohm 
Film Resistor K = 1,000 ohm 
Miniature %2 W M = 1,000,000 ohm 
49R9 = 49.9 
499RO = 499 
Encapsulation Style 1KO00 = 1K 
3 = Conformal 1MO00 = 1 Meg 
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PR SERIES 


Miniature Power Film Resistor, Metal Film 


»% Tolerance 
|, 2, and 3 Watt @ 70°C 


JESCRIPTION 

ne PR Series Metal Film Power Resistor Line 
[fers the designer a low cost alternative to con- 
>ntional power film resistors in a convenient 
nall body size. The use of a high conductivity, 
igh density substrate allows the performance 
f the PR series to equal that of the larger con- 
sntional power film resistors. 


IMENSIONS 


2i.5 


—_— | 


‘ATURES PERFORMANCE SPECIFICATIONS 
Small Size for Minimum Board Space Max. % Delta R 
| Thermal Shock 1% 
{Low Inductance Terminal Strength 5% 
Color Band Marking for Ease of Identification RcadesHG UK Resi ener, 3% 
Flameproof Coating which withstands all i ee oh 
solvents per MIL-STD-202, Method 215 Effect of Solder 1% 

Shock 5% 


Wide Resistance Range 1 ohm to 1 Megohm 


PECIFICATIONS 


Max 
Voltage 
(Volts) 


Temperature 
Coefficient 
(PPM/°C) 


Resistance 
Tolerance 
(%) 


Resistance 
Range 
(ohms) 
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PR SERIES 


Miniature Power Film Resistor, Metal Film 


$ 
Derating Curve ; 
® 
100 = 1 
75 = } 
% q 
Power 50 \— dy 
@ 
25 = ( 
q 
oF ‘ 
25°C 70°C 125°C 155°C 205°C 
200 7281723 200 = 


ae Raaaree eas | 


ee ee eee ae 
ead Sa ee 
PRR RRREZSs 
BESREEP AC ae 
RRR wees 
RE BEZee aes) 
haebe | | 
Ge eMeeearine. 


120 


80 


40 


Pw) P owl 
PRO2 PRO3 a 


quantity resistance tolerance 
range 
5000 1Qto IMO 
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VR SERIES 
High Voltage Resistor 


>% Tolerance 

1/4, 1/2, and 1 Watt 
70°C) Power Rating 
igh-Ohmic/High-Voltage 


DESCRIPTION se 


\ cermet film is deposited on a high grade ceramic os 
ody. After a helical groove has been cut in the 
esistance layer, solder plated electrolytic copper 
ead wire is welded to the end caps. The resistors 
ire coated with a blue insulating lacquer, which 
ilso provides protection against environmental 
ffects. 
FEATURES 
@ Resistance Values to 220 Megohm 
@ Voltages up to 10 Kilovolt 
# Color Band Marking 
APPLICATION DIMENSIONS 
/R Series resistors are used in circuitry where 
1igh resistance, stability and reliability are required “Ky 
the presence of high voltages. ve 
| A. es 
hee ind: Q 
) 4 
eto |e 
i 
S 
7 


»PECIFICATIONS 


Limiting 
Resistance rapes mn Packaging 
Tolerance TC of R 
(%) (PPM/°C) 


Tape & 


Style 


VR25 100K to Reel 
5043DM 22 Meg 5000 PC 
Tape & 
VR37 100K to Reel 
5053DM 39 Meg 5000 PC 
Ammo 
VR68 100K to Pak 
073DM 220 Meg 500 PC 
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VR SERIES 
High Voltage Resistor 


DERATING CURVE Power vs. Resistance Value of High-Voltage 
Resistors at 7, = 70°C. 


Maximum dissipation as a function of the 
% ambient temperature for VR25, 37, 68. 


= Ce haa 
a ao BSE 
BEE 
iim B 
: mob. 


2 SS 6 Oe eS eee oa 


1071 aes OS Gs GE SO 0 0 ES SS WEP. SSS Sm sare 
11S ES BUDE eS Sess LJ 


rn aan Ht 
10°2 EEE HE EE 
0 25 50 70 100 i2aeee too 1071 1 10 102 
Ambient Temperature (°C) Resistance (Megohms) 


PERFORMANCE CHARACTERISTICS 


VR25 VR37 VR68 


Thermal Shock (Max %AR) 
Moisture (Max %AR) 


Life 1000 hr @ Rated Power 
(Max %AR) 


Vibration 
Effect of Solder (Max %AR) 


Noise (Max.) 


Dielectric Strength (rms) Min. 
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NFR SERIES 
Fusible Metal Film Resistor 


5% Tolerance 
1/4, 1/3, and 1/2 Watt 
(70°C) Power Rating 


DESCRIPTION 


NFR Series Fusible Resistors are designed to meet 
the safety requirements in electronic applications 
where protection against overloads is required. 
Within the specified overload range the resistor 
will become an open circuit without the risk of 

fire. The circuit opens, in general, within 30 FEATURES a 

seconds at 4 watts and 10 seconds at 6 watts m Fusing Characteristic 

for NFR25; and within 30 seconds at 9 watts # Small Quarter-Watt Body Size 
and 10 seconds at 12 watts for NFR25H. See 
Figures 1, 2, and 3 for time to interruption as 


@ Solvent Resistant 


a function of overload. “Interruption” is defined @ Flame Retardant Coating 
as the resistance having increased at least 10 @ Tape and Reel (5,000 Pieces) 
times for NFR25 and at least 100 times for NFR25H 


#@ Thick violet color band—indicates fusible 


® Color Band Marking 
DIMENSIONS @ Final violet color band—indicates fusible 


Figure Figure Multiplier Tolerance Fusing 
(Gold) Indicator 
(Violet) 


Maximum 


resistors. 


Resistance Resistance Temperature 70°C Power Continuous 
Range Tolerance Coefficient Rating Working Voltage 
(%) (PPM/°C) (Watts) (rms) 


1/4, 1/3 
1/4, 1/3 


1/2 
1/2 


15R < 15K 


1R < 4.99R 
OR < 15K 


NFR25H 
5053F 
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NFR SERIES 
Fusible Metal Film Resistor 


PERFORMANCE CHARACTERISTICS 


Time to Interruption as a function of overload. 


FIGURE 1. FIGURE 2. 
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FIGURE 3. 
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Powerload(Watts) 


NFR25H; 1 < R < 15 kOHMS 


Since these resistors are used in applications where overloads can occur, it is not recommended to 
mount them against other components or in direct contact with printed circuit boards. 


Effect of Solder 0.25%AR 
Load Stability (1000 hrs) 1.0% AR 
Insulation Resistance 10*Mohm Min 
Noise =< 0.1 uV/V 
Thermal Shock 0.25%AR 
Humidity 1.0% AR 


Dielectric Strength 350V rms 


0.25% AR 
0.25%AR 
10*Mohm Min 
< 0.1 pV/V 
0.25% AR 
1.0%AR 
350V rms 
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SFR SERIES 


Zero Ohm Jumper Wire 


DESCRIPTION 
@ 20 Awg or 22 Awg Diameter Wire 


@ 30/70 or 40/60 Tin/Lead Plated Wire 


FEATURES 


= Compact Construction for .200" or greater 
centers 
@ Resistance = .005 ohms maximum 


@ Tape and Reel Package for Automatic Insertion 


@ Designed to Put the Maximum Performance 
into the Circuit at the Lowest Possible Cost 


@ Meets EIA Spec RS296D Class | Tape and Reel 


2062 = ,062 


PART NUMBER DESCRIPTION (52.4 + 1.6) | 
@ 20 gauge (.032") wire jumpers 


5000CXORO00S1 2AAZ 
@ 22 gauge (.025") wire jumpers He 45,3 
.200" 


5020CXORO000S1 2AAZ 


PACKAGE CONFIGURATION if 


All Philips Components SFR Jumper Wires are | -_ Ly 
furnished in taped lead format in multiples of 
10,000 pcs to suit the requirements of automated 
production. == == 


 Paxig 


SISd 


S40} 


x ce 290 /=.016 
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SPR S5000Y SERIES 


Standard Precision Film Resistor 


Resistance Range 


1 ohm—250 megohm, .5 to 5% Tolerance 


5033Y 10 Watt @ 125°C 
3 Watt @ 70°C 

5053Y 14 Watt @ 125°C 
le Watt @ 70°C 

5073Y '2 Watt @ 125°C 
1 Watt @ 70°C 


DESCRIPTION 


Philips Components offers a film resistor series 
more compact and with greater power handling 
capacity. For example, the 5033Y is a mil spec 
1/10 watt size yet handles up to 1/3 watt (70°C 
rating). This combination allows reduction of 
inventory by a selection of the most convenient 
SOOOY values to reduce the number of wattage 
ratings carried. The size/power handling char- 
acteristic is also a distinct advantage in “down 
sized” boards. The 5000Y series is available in 
standard values between resistance range limits 
noted below. Operating temperatures up to 150°C 
are permissible. 


504 
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DESIGN FEATURES 

m Wide Resistance Range: 1 ohm to 250 megohm. 

m Excellent Temperature and Time Stabilities, 
approaching those of wirewound resistors. 

@ Low Voltage and Power Coefficients, approach- 
ing those of wirewound resistors of comparable 
size. 

@ Low Noise. Johnson noise is lowest attainable, 
except in best wirewound designs. 

@ High initial accuracy and tracking. Tolerance 
of 1% is standard. 

@ Very Low Reactance—low series L, low shunt 
C; reactance error is generally less than toler- 
ance up to 10MHz, for most resistance values. 


SPR 5000Y SERIES 


Standard Precision Film Resistor 


DIMENSIONS 


abr Fil REF Ith 
i 


B i¢ c 


ze 
4 


C= 


SPECIFICATIONS & NOMENCLATURE-—5000Y SERIES 


Max. 
Voltage 
(volts) 


Resistance 
Range* 
(ohms) 


Temperature 
Coefficient 
(PPM/°C) 


Maximum 
Power 


Dimensions—see diagram 
Inches (mm) 


Resistance 
Tolerance 


tho W@ 125°C +50 PPM +0.5% 
100-750K | (109499k) 

Ys W@ 70°C +100 PPM “1.0% 

10-2M +2.0% 

+150 PPM +5.0% 


1M-24M9 


+50 PPM 
100-2 M 
£100 PPM 
10-10 M 
+150 PPM 
2 M-250 M 


Ya W@ 125°C 


Ye W@ 70°C 


+50 PPM 
100-3M01 
+100 PPM 
10-4M99 


V2 W@ 125°C 


1 W@ 70°C 025" 


(.63) 
#22 


*Within the resistance ranges shown, values indicated in the decade table of values, and their decade multiples, are available as standard. Other 
values are available on special order. 
*Clean-lead to clean-lead. *** 032" leads available on request. 


PERFORMANCE CHARACTERISTICS 


| As a guide to the performance that can be 
a N expected of SPRSOOOY resistors, the following 
N . . . 
chart indicates typical results of tests performed 
| E anit in accordance with MIL-R-10509. 
Metal End 
bs Cap Welded 
| Lead Max. % Change in Resistance 
Ceramic MIL-R-10509 
Core (Characteristics 
= Requirements Average 
Film 
Temperature Cycling, —65° to +150°C 
E Low temperature operation, —65°C 25% 02% 
Pare Bae Short time overload 25% 02% 
Cau Terminal strength, 5 Ib. load 20% 02% 
ms lees Dielectric Withstanding Voltage 25% 01% 
B | Resistance to soldering heat, 350°C 10% .01% 
Moisture resistance 50% 05% 
Life (1,000 hours) 50% 25% 
Shock, medium impact, 50G, 11 ms. 25% 01% 
Vibration, High frequency 10-2000 Hz 25% .01% 
505 
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SPR 5000Y SERIES 


Standard Precision Film Resistor 


COMPARISON SPECIFICATIONS 


PHILIPS COMPONENTS 
STYLE SPR5000Y MIL-R-22684 MIL-R-10509 


Maximum Operating 
Temperature Roel Ray @ kot @ mown eteh 


1000 Hour Load Life A R <1.0% <1.0% 
Moisture Resistance A R <1.5% =< 1.5% 
Short Time Overload A R <0.5% <0.5% 


MARKING 
Resistors are marked using color bands or alpha- 
numeric marking as specified by customer. 


PACKAGING 
Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. 


LEAD MATERIAL 
Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper) 


HOW TO SPECIFY 
SPR 5000Y Resistors can be completely specified using the following designation: 
50 5 3 ng D 1K000 P 
| Style tb 
Fixed Resistance 
Resistor Tolerance 
Axial Lead Temperature = ee 
Coefficient = £1.0% 
Mea oct G = 2.0% 
5= 1/2 D = +100 J = +5.0% 
7= 4 L = +150PPM Resistance Value 
sa R—ohm 
Encapsulation K—1,000 ohm 
3 = Conformal M—1,000,000 ohms 
49R90 = 49.90 
499RO = 4990 
1KO00 = 1KQ 


1MO00 = 1 megQ 
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UPR 5000Z SERIES 


Ultra Precision Resistor Tolerance To «0.01% 
Temperature Coefficients To 2 PPM/°C 


DESCRIPTION 


Philips Components offers a film resistor designed 
for use in ultra precision applications previously 
requiring the finest wirewound resistors available. 
The 5000Z series of resistors is available with 
tolerances to .02% and temperature coefficients 
to =2 PPM/°C in package sizes much smaller than 
those of wirewounds. The 5000Z series is particu- 
larly well suited for uses in matched sets, with 
matches to +.01% and 2 PPM/°C tracking. Pro- 
prietary Philips Components processes make the 
5000Z one of the most stable film resistors currently 
available on the market. 


DIMENSIONS 


DESIGN FEATURES 


@ Temperature coefficients and tolerances 
approaching the lowest attainable using film 
techniques. 


@ Excellent temperature and time stabilities, 
approaching those of wirewound resistors. 


@ Low voltage and power coefficients, approach- 
ing those of wirewound resistors of comparable 
size. 


@ Low noise. Johnson noise is close to lowest 
attainable, except in best wirewound designs. 


@ High initial accuracy and tracking. Tolerance 
matches of .01% and TC tracks of 2 PPM/°C 


are available. ni 
+ m@ Very low reactance—low series L, low shunt C: ~h 

Mr reactance error is generally lessthantolerance ©® 

fe ts up to 10MHz, for most resistance values. m. 

| A | : m@ Temperature Range: —20°C to +85°C. x 

Cc D w 

ms 

7) 

SPECIFICATIONS AND NOMENCLATURE—5000Z SERIES Ay 
Maximum Dimensions—See Diagram . 


Inches (mm) 


Resistance 
Range* 
(ohms) 


Philips 
Series 


Temperature 
Coefficient*** | Resistance 
(PPM/°C) Tolerance 


Power 
Rating 
(85°C) 


Max 
Voltage 


en fae (a fm : 
niet a 28 is ie 
en ae ag ca 
zt] a 


*Within the resistance ranges shown, values indicated in the decade table of values and their decade wal are available as standard. Other 
values are available on special order. 


*“Clean-lead to clean-lead. . 
***Temperature coefficient is measured over the temperature range of —20°C to +85°C for all TC’s except 2 PPM. 2 PPM is measured at 0°C to +60°C. 
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UPR 5000Z SERIES 


Ultra Precision Resistor 


PERFORMANCE COMPARISONS TO MIL SPEC TEST GROUPS 


Standard Tolerance Range 


Test Group Il 

Temperature Cycling 

Low Temperature Operation 
Short time Overload 
Terminal Strength 


Test Group Ill 

Dielectric withstand voltage 
(a) Atmospheric Pressure 
(b) Barometric Pressure 
Insulation resistances 
Effect of Soldering 
Moisture resistance 


Test Group IV 
Temperature Coefficient 
Life Test 


Test Group V 
Shock 
Vibration, High Frequency 


Non Military Tests 
Voltage Coefficient 
Thermal EMF 


MARKING 


Wirewound 
Specification 
MIL-R-93D 


Metal Film 
Specification 
MIL-R-55182 


Philips Components 
5000Z Series 


+,005% to +1% +.1% to +1% +,02% to +1% 


Specified Max. AR 
.20% 
25% 
10% 
05% 


Specified Max. AR 


.05% 
05% 
N/A 
N/A 
25% 


Specified Max. AR 
20PPM/°C to 90PPM/°C 
50% (125°C) 


Specified Max. AR 
10% 
10% 


*Standard marking is Alpha-Numeric 


Example: 
DOUZSZ 
100K 
1% T16 


*Special marking is available per customer 


requirement 


Specified Max. AR 
20% 
15% 
N/A 
.20% 


Specified Max. AR 


15% 
15% 
>10,000 MegQ 
10% 
40% 


Specified Max. AR 
25PPM/°C to 100PPM/°C 
50% (125°C) 


Specified Max. AR 
20% 
20% 


PACKAGING 


Max. AR 


01% 
01% 
>10,000 MegQ 
.01% 
04% 


Max. AR 
2PPM/°C to 25PPM/°C 
02% (85°C) 


<.1 PPM/V 
<2pV/°C 


Bulk (100 pieces per box) or Lead Tape and Reel 


per EIA RS-296D 


LEAD MATERIAL 


Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper) 


HOW TO SPECIFY 
UPR 5000Z Series Resistors can be completely specified using the following designation. 
50 2 3 Z 
Fixed 
: Style 
resistor, Wattage 
emits 1 = 1/20 
= 1/8 
3 = 1/4 ‘ 
6 = 1/3 Encapsulation 


3 = Conformal 


B 1K000 A 
Tolerance 
Temperature T= = .01% 
Coefficient (PPM/°C) Hi = 20.02% 
T = +2 PPM (718) Z'= +0.025% 
A = +5 PPM (116) Resistance Value A= +0.05% 
B = +10 PPM (113) R—ohm B= +0.10% 
F = +15 PPM (710) K—1,000 ohm C = +0.25% 
G = +20 PPM (T14) M—1,000,000 ohm D = +0.5% 
E = +25 PPM (TQ) 49R90 = 49.90, F = +1.00% 
499RO = 4990 
1K000 = 1KQ 
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PPRSOOO 


Precision Power Film Resistor Metal Film 


05% to 1% Tolerances 
1, 2, 3 and 5 Watt 
(25°C) Power Rating 


DESCRIPTION 


The PPR5OO0 series is a precision power film 
that achieves the inherently low inductance and 
reliability of metal film resistors and the stability 
and power handling capability of wirewound 
resistors. 


DIMENSIONS 
FEATURES 
valid ® Low Inductance 
—— ——— Sp @ Excellent Stability 
SS be : = Small Size 
c D @ Tight Tolerances 


@Low IC’s 


Nom 
Max 
Voltage om 
160 Volts 265" .098" 
6.73 2.49 . 1 
225 Volts 365" OOu 
9.27 3.81 an 1 
275 Volts 1550" PS" 
14.0 Bi i 1 
5 Watts 5R to 100K 500 Volts .800" 25" 
20.3 aie af 1 
alues below 10 ohms will have a TC of + 50 PPM. 


05% and .1% are available 100 ohms and higher only. Also available in 2% and 5% over the entire range. 


o 


Max Resistance Temperature Resistance 
Power Range Coefficient Tolerance 
Rating (ohms) (PPM/°C) (%) 

(25°C) 


Series 


S40}SIS9Y PaXxl4 
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PPRSOOO 


Precision Power Film Resistor 


PERFORMANCE SPECIFICATIONS 


Max. % Delta R 


Thermal Shock 2% 
Terminal Strength 1% 
Dielectric Withstanding Voltage 

Atmospheric 1% 

Barometric 1% 
SOs 2% 
Moisture Resistance (Load) 5% 
Life (1000 hr @ rated power) 5% 
Vibration 1% 
Effect of Solder 1% 
Shock 1% 
MARKING 
*Standard Marking is Alpha/Numeric 
Example: 1% 

T9 


*Special Marking is available per customer 
requirements. 


PACKAGING 


Bulk (100 pieces per box for 5073P and 5083P 
90 pieces per box for 5093P and 50A3P) 


Tape & Reel per EIA-STD-RS296D. 
LEAD MATERIAL 


4 


x! 


Type C, Mil-Std-1276 


S403SISAY pa 


HOW TO SPECIFY 


PPR5000 Series Resistors can be completely specified using the 
following designation: 


ss E 10KO B 
Fixed Wattage Encapsulation ee my 
Film 7=1 3 = Conformal p= On 
Resi = Style m 
esistor 8=2 K = 1,000 Ohms 
9=3 49R90 = 49.9 Ohms 
A=5 100KO = 100 K Ohms 
Temperature Coefficient Tolerance 
(PPM/°C) A = +.05% 
G = +20 ppm = 114 B= +.1% 
E = +25 ppm = T9 C= +.25% 
C = +50 ppm= 12 D=+.5% 
D = +100 ppm = TO F = +1% 
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RN SERIES 
CUSTOM MATCHED SETS 


Resistance Ratio Match to .10%, Temperature 
se Coefficient Match to 10 PPM/C° 


+0.1%, 0.25%, 0.5%, and 1% Tolerance 
Characteristics C (+50PPM), and E (+25PPM) 
Pew TO 116 ia Towa lop: C) 

W710, 1/8, 1/4, 112, Watt(70°) 


DESIGN FEATURES 


DESCRIPTION @ Excellent Initial Accuracy and Long-Term Sta- 
dee ~ hay bilities, approaching wirewound resistor per- 

Fes aa fecal the Hs pee formance. 

stability of the series, the series A: 

of custom matched sets provide a very economi- 7 aa dela Cena 5 detiicients ‘ever 

cal alternative. The RN series, with broad selec- Se oe eee ee edb ele 

tions of tolerances, temperature coefficient char- ™ Low Temperature Coefficients. Characteristic 

acteristics, resistance values, and power ratings, | £ equals the performance of conventional wire- 

is available in matched sets with resistance ratio | wound designs. 

tolerances to .1% and temperature coefficient m Excellent Matching and Tracking. Tolerance 

matches to 10PPM/C°. of 0.1%, 0.25%, 0.5%, 1%, and TC tracks of 

PACKAGING 10PPM, 25PPM and 50PPM/°C are available. 


m@ Very Low Reactance-low series L, low shunt C; 
Coin Envelope, stamped with “Matched Set-Do __ reactance error is generally less than tolerance 
Not Separate” and customer part number. up to 10 MHz, for most resistance values. 


MATCHED SET REQUIREMENTS ARE UNIQUE TO THE CUSTOMER SPECIFICATION 
APPLICATION ENGINEERING ASSISTANCE IS AVAILABLE BY CALLING OR WRITING THE FACTORY 


SPECIFICATIONS AND NOMENCLATURE 


Power Rating (Watts) 


MIL-R-10509 Philips RN Matched Set 


Components : Configurations 
Resistance Temperature 


Philips Range Coefficient Resistance *Resistance *Temperature 
Style 125°C 70°C 70°C (ohms) (PPM/°C) Tolerance Ratio Match Coefficient Track 


+25PPM Pen oe RAG 10% 
5023R 1/20 1/10 1 30.19 to 301K -BOPPM +0.1% to +1.0% 950% 
50% 


/8 : 
5043R 1/8 1/4 1/2 ee +0.1% to *1.0% 
30.10 102M 
paclalae wilt *Most common configurations 
49.90 to 4M other combinations available 
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UPR SERIES 


CUSTOM MATCHED SETS 


Resistance Ratio Match to .02%, Temperature 
Coefficient Match to 2 PPM/C° 


DESCRIPTION 


Philips Components offers the superior stability 
of the 5000Z series in custom factory matched 
sets to achieve maximum precision of resistance 
ratio at minimum cost. The 5000Z sets are avail- 
able with absolute resistance tolerance of +.02%, 
resistance ratio matches to .02% and tempera- 
ture coefficient tracking to 2PPM/°C. The com- 
bination of rapid response time, stability, low 
noise, precision and low cost make these sets the 
outstanding value for precision analog circuitry. 


PACKAGING 


Coin Envelope, stamped with “Matched Set-Do 
Not Separate’ and customer part number. 


DESIGN FEATURES 


™@ Temperature Coefficients and Tolerances 
approaching the lowest attainable in resistor 
technology. 


@ Excellent Temperature and Time Stabilities, 
equivalent to the best competitive devices. 

@ Lowest Voltage and Power Coefficients ever 
attained in metal film resistors. 


#@ Lownoise. Johnson noise is unmeasurable with 
existing techniques. 


@ High Initial Accuracy and Tracking. Tolerance 
matches of .02% and TC tracks of 2PPM/C° 
are available. 

@ Very Low Reactance—low series L, low shunt 


C: Reactance error is generally less than tol- 
erance up to 10MHz, for most resistance values. 


MATCHED SET REQUIREMENTS ARE UNIQUE TO THE CUSTOMER SPECIFICATION 
APPLICATION ENGINEERING ASSISTANCE IS AVAILABLE BY CALLING OR WRITING THE FACTORY 


SPECIFICATIONS AND NOMENCLATURE-—5000Z MATCHED SETS 


Maximum 
Power 
Rating 
(85°C) 


Resistance 
Range 
(ohms) 


Philips 
Components 
Style 


1/20 WATT SUSU) 


Temperature 
Coefficient 
(PPM/°C) 


+2PPM 


5000Z Matched Set 


Configuration 


*Resistance *Temperature 
Ratio Match Coefficient Track 


0.02% 


Resistance 
Tolerance 


H+ 


02% 


(100Q-301K) 


1/8 WATT 
1/4. WATT 
1/3. WATT 


511KO 


SO IV 
+10PPM 
+15PPM 
+20PPM 


0.05% 
0.10% 


025% 
05% 
10% 
25% *Most common configurations 
5% other combinations available 


He I+ 


+ it i It 


+25PPM +1.0% 
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MIL STYLE RL 


Standard Military Resistors 
Conformal-Coated (MIL-R-22684) 


2% and 5% Tolerance 100 PPM Temperature Coefficient 
1/4 and 1/2 Watt (70°C) 


DESCRIPTION DESIGN FEATURES 


This RL Series comprises MIL-R-22684 resistors m™ Lowest Voltage and Power Coefficients ever 
of moderate accuracy and good stability, andis achieved in metal-film resistors. 


particularly suited to replacement of RL-type m Excellent Temperature/Time Stability—signifi- 
metal-glaze or tin-oxide resistors where higher cantly better than that achieved by other film 
stability, lower noise, and better voltage/power resistors in the RL class 

coefficients are required in the same or smaller ; 
space. Over a very broad frequency spectrum, 
these resistors exhibit negligible reactance, and 


@ Low Noise—Johnson noise is lowest attainable, 
except in best wirewound designs. 


are entirely suitable for fast-pulse circuitry. m@ Very Low Reactance—Low Series L, low shunt 
C; reactance error is generally less than tol- 
DIMENSIONS erance up to 10 MHz, for most resistance values. 


1 : 
iS, 2 Tax Se 
i | phils 
B SG =D 
Dimensions—See Diagram 


SPECIFICATIONS & NOMENCLATURE-—RL (50007) SERIES 
Inches Pe 


AN Resistance Temperature Max. 
Mit | Philips i Range* Coefficient | Resistance | Voltage 
Type Style (ohms) (PPM/°C) Tolerance | (Volts) 
+9% .261+.020 | .093+.005 | .300 Max.| 1.5 Pen 
RLO7 5043T 1/4 W 51Qto 150K +100PPM +5 0% 250V_ | (6.63+0.51) | (2.36+0.13) (7.62) (38.1) 
os 
+9% .390+.020 } .152+.009 | .430 Max.| 1.5 ae 
0 pss jew W | 430to470K +100PPM +50/ 350V_ | (9.91+0.51)} (3.86+.23) (10.92) | (38.1) 
cok 


i the resistance ranges Ee values indicated in the decade table of values and their decade multiples, are available as standard. Other 
values are available on special order. 
**Clean-lead to clean-lead. 
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MIL STYLE RL 


Standard Military Resistors Conformal-Coated (MIL-R-22684) 


PERFORMANCE CHARACTERISTICS DERATING CURVE 


As a guide to the performance that can be 120 
expected of RL Series resistors, the following 

chart indicates typical results of tests performed  ,., LL1 | 
in accordance with MIL-R-22684. 


Max. % Change in Resistance 


MIL-R-22684 RL 
Requirements Average 


BERRERRREERNDE 
Temperature Cycling, —55° to +85°C 1% 05% 20 a 


Percent Of Rated Wattage 


Low temperature operation, —65°C 5% 03% 
Short time overload 5% .05% 
Terminal strength, § Ib. load 5% 02% 0 titi tt it iNet | 
Dielectric withstanding Voltage 5% 02% 
Resistance to soldering heat, 350°C 5% 08% 30 20 TO ee 150° ie 
Moisture resistance 1.5% .20% Ambient Temperature - °C 
Life (1,000 hours) 2% .15% 
Shock (Specified pulse 100G, 6 ms) 5% 03% 
Vibration, High frequency 10-2000 Hz 5% .03% HOW TO SPECIFY 
MIL STYLE RL Resistors can be completely specified 
using the following designation. 
RL 20 Ss XXX G 
MARKING 
RL Series resistors are marked using 5 color Terminal-Solderable 
bands per MIL-R-22684. 
; Resistance Value 
MIL Power Rating 
07 = 1/4W 
20 = 1/2W Tolerance 
=, 90 
PACKAGING MIL Designation ¢ = a 
f MIL-R-22684 Resistor 
Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. 
LEAD MATERIAL 


Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper). 


typical capacitance values 


Style 5043T 5053T 
C (pF) +25% 0.18 0.21 
Voltage Coefficient 
(PPM/Volt) +25% 5 S 
Power Coefficient 
(°C/Watt) +10% 130 150 
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MIL STYLE RN 


Standard Military Resistors 
Conformal-Coated (MIL-R-10509 Qualified) 


£0.1%, 0.25%, 0.5%, and 1% Tolerance Characteristics 
E (£25PPM), C +50PPM, and D (+100PPM) 


DESCRIPTION DESIGN FEATURES 


This Series encompasses an unusually broad m Excellent Initial Accuracy and Long-Term Ry 
selection of tolerances, temperature character- —Stabilities, approaching wirewound resistor ® 
istics, and power ratings, in all their combinations, —_ performance. Q 
with full MIL-R-10509 performance. Typically the rk B.) 
MIL requirements are exceeded to a substantial ™ cones! aus ou paied Coefficients ever 
degree. These resistors feature the low noise, @!!a!ned in a metal-tilm resistor. 
high stability and wide operating frequency range ™ Low Temperature Coefficients. Characteristic 4 
characterizing the Philips Components metal- E equals the performance of conventional wire- 9 
film design, in minimum size for their power wound designs. ». 


ratings. @ Excellent Matching and Tracking. Tolerances 
of 0.1%, 0.25%, 0.5% and 1% are standard. 
Ratio sets track closely over wide temperature 
ranges, long term. 
@ Very Low Reactance—low series L, low shunt C; 


reactance error is generally less than tolerance 
up to 10MHz, for most resistance values. 
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MIL STYLE RN 


Standard Military Resistors Conformal-Coated (MIL-R-10509) 


DIMENSIONS 


Qualified Philips 
(QPL) j|Components Dimensions—See Diagram 


Inches (mm) 


MIL 
(QPL) ili Commercial | MiL-R-10509 Range Range Coefficient | Resistance Max 
Type 70°C 125°C 70°C} (ohms)t (ohms)t+ (PPM/°C) Tolerance | Voltage 


1/8 1/20 30.10-100K} 100750K | E=+25PPM] +0. 150+.020 | .070+.010} 200 ESS 
r 0) é (5.08) | (38.1) 
30.10-100K] 100750K | C=+S5OPPM} +9 

1/10 100-750K }D = =+100PPM) = 


1/4 1/10 49.90-100K} 10Q-1M | E=+25PPM} +0. .261%,020 | .093=.005 | .300 | Toals 
=e (6.63 (2.36 (7.62) | (38.1) 
49.90-100K] 100-2M | C=+50PPM} +9 +0.51) +0.13) 


1/8 49.90-499K | 30.10-1M | E= +25PPM 
49.90-499K| 30.10-1M | C = +SOPPM 


1/4) 100-1M 10Q-2M |D = =+100PPM 


49.90-499K | 30.10-1M | E = +25PPM 
49.90-499K | 30.10-2M | C = =50PPM 


1/4} 100-1M 10-2M . |}D = £100PPM 


.303+.020 | .104+.010 | .350 Tone 
(7.70 (2.64 (8.89) | (38.1) 
+£0.50) +£0.25) 

.390+.020 | .152+.009 | .430 1a bs, 
(9.91 (3.86 (10.92) | (38.1) 
+£0.51) +£0.23) 


1 1/4 49.90-1M | 49.90-2M | E= +25PPM] +0. .620+.020 | .167+.010 | .650 1.5 
-0. (15.75 (4.24 (16.51) | (38.1) 


S410}SISA8Y PIAXI4 | OD | 


49.90-1M | 49.90-4M | C = +50PPM +0.51) +0.26) 


*MIL-R-10509 does not include a RN50, for 1OOPPM Temperature Coefficient. 

**Clean-lead to clean-lead. 

tWithin the resistance ranges shown, values indicated in the decade table ot values and their decade multiples, are available as standard. Other 
values are available on special order. 


Pele 


516 Philips Components ¢ Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 ¢ (817) 325-7871 * FAX: (817) 325-8397 


MIL STYLE RN 


Standard Military Resistors Conformal-Coated (MIL-R-10509) 


PERFORMANCE CHARACTERISTICS 


As aguide to the performance that can be expected 
of RN Series resistors, the following chart indi- 
cates typical results of tests performed in accord- 
ance with MIL-R-10509. 


Max. % Change in Resistance 


MIL-R-10509 Philips 


Test 
C & E) 
Requirements 


RN—Series 
Average 


Temperature Cycling, —65 to +150°C 
Low temperature operation, —65°C* 
Short time overload 

Terminal strength, 5 Ib. load 

Dielectric withstanding Voltage 
Resistance to soldering heat, 350°C 
Moisture resistance 

Life (1,000 hours) 

Shock, medium impact, 50G, 11 ms. 
Vibration, High frequency 10-2000 Hz 


MARKING 


Standard military RN Series resistors are marked 
with the MIL style, characteristic, resistance, and 
tolerance, as specified in MIL-R-10509. (See JAN 
Marking) 


PACKAGING 


Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. 


LEAD MATERIAL 


Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper). 


typical capacitance values. 


Philips Style 5023R 5033R 5043M 5043 5053R 
C (pF) =25% 0.18 0.18 0.19 0.21 0.33 
Voltage Coefficient 
(PPM/Volt) +25% 6 5 4 3 7 
Power Coefficient 
(°C/Watt) =10% 220 130 120 93 75 


MIL-R-10509 
J” OR “JAN” MARKING 


The Defense Electronics Supply Center (D.E.S.C.) 
has stated that all MIL-R-10509 qualified products, 
| manufactured after January 4, 1982 must be 
' marked with the “J” or “JAN” marking to prevent 
the sale of non-qualified product as qualified 
product. 
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(Characteristics | Components 


DERATING CURVE 


REPE 
eee 
[elas 


Percent Of Rated Wattage 
Oo 
fo} 


EP snraP 
PAE 
Daw 


30 50 0 90 110 130 150 170 190 
Ambient Temperature-°C 
HOW TO SPECIFY 


MIL STYLE RN Resistors can be completely specified 
using the following designation: 


RN 60 XXXX F 
3 ie: 
Temperature Coefficient 
E = +25 PPM/°C 
C = +50 PPM/°C 
aa o Tolerance 
D = £100 PPM/°C B+0.1% 
MIL Power Rating C +0.25% 
125 Ce. f0eG D +0.5% 
50=1/20W 1/10W F +1% 


55=1/10W 1/8W 
60=1/8W 1/4W 
65=1/4W 1/2W 


MIL Designation 
MIL-R-10509 Resistor 


Resistance Value 
XXRX<100 
XXXX = 100 


*Power Rating is Dependent on Temperature Coefficient. See Specifica- 
tions And Nomenclature. 


MiL-R-10509 has limited resistance ranges (com- 
pared to MIL-R-551 82. Philips Components’ policy 
is to supply products qualified to MIL-R-10509 
with the JAN marking. Resistance values above 
or below those specified in MIL-R-10509, where 
Philips Components testing demonstrates the 
capability of meeting the performance require- 
ment of MIL-R-10509, will be marked in accord- 
ance with MIL-R-10509 but without the JAN 
marking. 
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S40}SISAY paxil 


S40}SISAY PaXxi4 | | 


MIL STYLE RLR 


Established Reliability Resistors 
Conformal-Coated (MIL-R-39017) 


+2%, £1% Tolerance +100PPM Temperature Coefficient 


1/8, 1/4 and 1/2 Watt (70°C) 
Failure Rate “S” (0.001% per 1000 Hours) 


DESCRIPTION 


The RLR Series provide the highest attainable 
margins of reliability in this class of resistors— 
performance substantially better than that required 
by MIL-R-39017 (RLR). This design offers mod- 
erate accuracy and good stability, and is particu- 
larly suited to replacement of carbon-film, carbon- 
composition, or even conventional metal-film 
resistors, where the ultimate in reliability, as well 
as higher stability, lower noise, and low voltage/ 
power coefficients are required, in the same or 
smaller space. Over a very broad frequency 
spectrum, these resistors exhibit negligible reac- 
tance, and are entirely suitable to fast-pulse cir- 
Cuitry. Philips Components’ established-reliability 
program, which operates in full conformance with 
MIL-STD-790, attains unprecedented reliability 
levels for RLR Series resistors. 


DIMENSIONS 


+ 
ae -— eae 


DESIGN FEATURES 


@ Lowest Voltage and Power Coefficients ever 
attained in a metal-film resistor. 


@ Low Noise. Johnson noise is lowest attainable, 
except in best wirewound designs. 

m Wide Resistance Range: 4.3 Ohms to 1.33 
Megohms. 

@ Excellent Immunity to Environmental Stress. 
Highest reliability in this class. 


m@ Very Low Reactance—low series L, low shunt 
C; reactance error is generally less than tol- 
erance up to 10MHz, for most resistance values. 


SPECIFICATIONS & NOMENCLATURE—RLR (5000U) SERIES 


“Qualified 


RLROS 


5033U 10Q to 750K +100 PPM 
10Q to 1.33M +100 PPM 
430 to 1M =100 PPM 


RLRO7 


MIL Philips (QPL) Temperature Rate 
(QPL) | Components Resistance Coefficient | Resistance (Per Voltage 
Type Style Range (ohms) (PPM/°C) Tolerance 1000 hrs.) (Volts) 


+ 1 % 
£0, 


Life-Failure 


Dimensions—see diagram 
Inches (mm) 


(7.62) } (38.1) 


430 ik 032 
(10.92) | (38.1) (.81) 


“Within resistance ranges shown, values indicated in the decade table of values and their decade multiples, are available as standard. Other 


values are available on special order. 
**Clean-lead to clean-lead. 
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MIL STYLE RLR 


Established Reliability Resistors Conformal-Coated (MIL-R-3901 7) 


PERFORMANCE CHARACTERISTICS DERATING CURVE 


As a guide to the performance that can be 120 
expected of RLR Series resistors, the following 

chart indicates typical results of tests performed 100 se a a 6] 
in accordance with MIL-R-39017. 


Max. % Change in Resistance 


®o 
1@)) 
& 
s 
Test MIL-R-39017 RLRSeries 3 belt 
Requirements Average ( 60 WO} ADO Keel oh 
Power conditioning 150% max W. 5% 10%  O ke 
ans ° 0 0) ce 
Thermal Shock 85 10 +160°C ees ee ol ENSLL 
Low temperature operation, —55°C 25% 03% Oo en 
Short time overload 5 % 05% oe 
Terminal strength, 5 Ib. load 25% 02% BA Malem 
Dielectric Withstanding Voltage 25% 02% ia 
Resistance to soldering heat, 350°C 25% 02% x Adlo 
Moisture resistance 1% .20% 
Ho a ue a 0 Ea be a ea 
Shock, medium impact, 50G, 11ms. 5% 03% 30 90 1110 180 150) 70 
Vibration, High frequency 10-2000Hz 5% 03% 
High tem. exposure 150°C/2000 hrs. 2% 15% Ambient Temperature = °C 


RLR Series resistors are marked with the type HOW TO SPECIFY 

designation, JAN marking, date code, SOC MIL STYLE RLR Resistors can be completely specified using 
code, and manufacturer’s production lot code, treellowitgdasianationt 

as specified by MIL-R-39017. 


RLR 
PACKAGING resitance na 
Bulk (100 pieces per box) or Lead Tape and Reel aie = 100 6 
per EIA RS-296D. Custom packaging available Terminal 
per customer requirements. Solderable/Weldable Tolerance 
Type C a = ie a 
MIL Power Rating Sta s<° 
LEAD MATERIAL 05 = 1/8W o 
07 = 1/4W Life FailureRate Q 
Type C, MIL-STD-1276 (tin-lead plating over 20 = 1/2W e a a a % 
te ivi MIL Designati = 
Oxygen-free high conductivity Copper). AP igs iii ee P =0 1911000 HRS 4 


typical capacitance values 


Philips Style 5033U 3 5043U 5053U 


S40}S1 


C (pF) +25% 0.18 0.15 0.21 


Voltage Coefficient 
(PPM/Volt) =25% 6 5 3 


Power Coefficient 
(°C/Watt) =10% 220 130 150 


MIL-R-39017 PLUS 


Additional screening (100 hour burn-in, thermal 

shock, X-ray, and serialization or other custom 

marking) is available per customer specifications. 

NOTE: Only resistors made to the exact speci- 
fications of MIL-R-39017 may be JAN 
marked. 
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MIL STYLE RNC 


Established Reliability Resistors Conformal 
Coated (MIL-R-55182) poberdibicel deh 


+0.1%, 0.5%, and 1% Tolerances 
Characteristics J (+25PPM), H (£50PPM), K (+100PPM) | 
1/20, 1/10, 1/8, and 1/4 Watt (125°C) 
1/10, 1/8, 1/4 and 1/2 W (70°C) 

Failure Rate—“S” (0.001% Per 1000 Hours) 


DESCRIPTION 


These resistors provide substantial margins of 
reliability above and beyond those implicit in the 
stringent requirements of MIL-R-55182, and a 
wide choice of power ratings, tolerances, tem- 
perature coefficients, and resistance values. 
Philips Components’ established-reliability pro- 
gram—the most experienced and respected in 
the industry—ensures unprecedented freedom 
from failure or performance anomaly. These 
resistors are manufactured by procedures that 
are in full conformance with MIL-STD-790. They 
feature the low noise, high stability, and wide 
operating frequency range that characterize 
Philips Components’ metal-film designs, in mini- 
mum size for their power ratings. 


DIMENSIONS 
Ls 


a a 


DESIGN FEATURES 


@ Excellent Initial Accuracy and Long-Term 
Stabilities, approaching wirewound resistor 
performance. 


@ Lowest Voltage and Power Coefficients ever 
attained in a metal-film resistor. 


# Low Temperature Coefficients. Characteristic 
J equals the performance of conventional wire- 
wound designs. 


@ Low Noise. Johnson noise is lowest attainable, 
except in best wirewound designs. 


@ Excellent Immunity to Environmental Stress. 
Highest reliability in this class. 


m 


SPECIFICATIONS & NOMENCLATURE—RNC (S000V) SERIES 


Dimensions See Diagram 
Inches (mm) 


Life Failure 
Rate 
(Per 

1000 hrs) 


“Qualified 
(QPL) Max 
Voltage 


(Volts) 


200VDC 
200VDC 


MIL Power 
5} Rating Resistance 
125°C 70°C | Range (ohms) 


RNC50 5013V 1/20W 1/10W 100 
to 750K 
RNC55 5023V 1/10W 1/8W 100 
to 1M 
RNC60 5033V 1/8W 1/4W 24.90 250VDC 430 1.5 
to 3.01M (10.92) | (38.1) 
RNC65 5043V 1/4W 1/2 30.10 -25PPM 300VDC .637 ig) 
to 3.01M H = +50PPM (16.18) ] (38.1) 
= +100PPM 


“Within the resistance ranges shown, values indicated in the decade table or value and their decade multiples are available as standard. Other 
values are available on special order. **Clean-lead to clean-lead. 
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Temperature 
Coefficient 
(PPM/°C) 


+25PPM 
+50PPM 
+100PPM 


Resistance 
Tolerance 


£0.1% 
£0.5% 
§1.0% (31.8) 
(+6.76) 
+ 25PPM 300 As 
*50PPM (7.62) (38.1) 


*100PPM 


£0.1% 
§0.5% 
£1.0% 


£0.1% 
£0.5% 
§1.0% 


£0.1% 
£0.5% 
£1.0% 


001% 


i. eth oH 


0 
0 
0 
| 


MIL STYLE RNC 


Established Reliability Resistors Conformal-Coated (MIL-R-55182) 


PERFORMANCE CHARACTERISTICS 


As a guide to the performance that can be 
expected of the RNC Series resistors, the follow- 
ing chart indicates typical results of tests per- 
formed in accordance with MIL-R-55182. 


Max. % Change in Resistance 


MIL-R-55182 
Requirements 


RNC Series 
Average 


Thermal Shock & Overload, 
—OoeGito-=150°C 
Low temperature operation, —65°C 
Terminal strength 
Dielectric Withstanding Voltage 
Resistance to soldering heat, 350°C 
Moisture resistance 
Life 2,000 hours 
10,000 hours 
Shock, (specified pulse) 
Vibration, High frequency 10-2000Hz, 
20G 
High Temp. Exposure 175°C, 2000 hours 


MARKING 


Established-Reliability Series resistors are marked 
with the MIL type designation, JAN marking, date 
code, source code, and manufacturer’s produc- 
tion lot code, in compliance with MIL-R-55182. 


02% 
05% 
02% 
02% 
05% 
20% 
10% 
25% 
02% 


2% 
15% 
2% 
15% 
1% 
4% 
5% 
2.0% 
2% 


2% 
5% 


02% 
35% 


PACKAGING 


Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. Custom packaging available 
per customer requirements. 


LEAD MATERIAL 


Type C, MIL-STD-1276 (tin-lead plating over 
Oxygen-free high conductivity Copper). 


typical capacitance values. 


Philips Style 5013V | 5023V | 5033V | 5043V 


a eo es 
| 220 | 10 | se | 7 


Voltage Coefficient 
(PPM/Volt) +25% 


Power Coefficient 
(°C/Watt +10% 
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DERATING CURVE 


Po TSS Rwe 
aI See 


= 100 

Pisalvab ei) Nisheleal. NI 

: N 

= 

ja) 

= 

rs 

6 

a 

7 UAT Saas se Vee 

= 20 SNA 

aE] SN le Falieah TN Nee bie 
‘liked ER ike eh 
SO] 450) 420°, 90. #110. 730. 150,.,170 .,190 

AMBIENT TEMPERATURE - °C 
HOW TO SPECIFY 


MIL STYLE RNC Resistors can be completely specified 
using the following designation: 


RNC 50 XXXX 


Resistance Value 
XXRX <100 
XXXX =100 


Temperature Coefficient 
J =25PPM/°G 
H +50PPM/°C 
K £100PPM/°C 


Power Rating 
t20°Cr 10° > 
50=1/20W 1/10W 


S4O}SISAY Paxi4 my 


55=1/10W 1/8W iolcranee 
60=1/8W 1/4W P te 
—= / =i} 0 
65=1/4W  1/2W 2 eel 
Lead Configuration 
RNC = Solderable/Weldable (Type C) Sestiire Rete 


a if 
RNR = Solderable 0.001%/1000 HRS 
0.01%/1000 HRS 
0.1%/1000 HRS 

1 


L 
= 1%/1000 HRS 


S 
R 
Pp 
M 
*MIL STD 1276 


MIL-R-PLUS 


Additional screening (100 hour burn-in, X-ray, 

and serialization or other custom marking) is 

available per customer specifications. 

NOTE: Only resistors made to the exact speci- 
fications of MIL-R may be JAN marked. 
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RNR/RNN MIL STYLE 


Established Reliability Resistors 
Hermetic Seal (MIL-R-55182) 


+0.1%, 0.5% and 1% Tolerance 


Characteristics E (+25PPM) and C(50PPM) fa 


Yio, Ye, 4 Watt (125°C) 
Ye, 4, Yo Watt (70°C) 
Failure Rate “S” (0.001% Per 1000 Hours) 


DESCRIPTION 


These hermetically sealed, inert-gas-filled pre- 
mium resistors are the most reliable, most uniform, 
most stable metal-film devices ever produced in 
conformance with MIL-R-55182. For the most 
demanding applicationsin aerospace and weap- 
onry systems, under the most hostile environ- 
ments, the performance of Series RNR/RNN 
resistors have been proven superior to that of 
any other design in this class. These resistors 
exhibit the same low noise, high stability, and 
wide operating frequency range that distinguish 
the Philips Components metal-film design, in 
remarkably small sizes, considering the protec- 
tion afforded by hermetic sealing. 
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DESIGN FEATURES 


@ Excellent Immunity to Environmental Stress. 
Highest reliability in a metal-film resistor. Glass 
enclosure eliminates both moisture erosion 
and outgassing. 


@ Excellent Temperature and Time Stabilities, 
approaching those of wirewound resistors. 


@ Low Noise. Johnson noise is lowest attainable, 
except in best wirewound designs. 


@ Very Low Reactance—low series L, low shunt C; 
reactance error is generally less than tolerance 
up to 10MHz, for most resistance values. 


m@ Low Voltage and Power Coefficients, approach- 
ing those of wirewound resistors of comparable 
size. 
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MIL STYLE RNR/RNN 


Established Reliability Resistors (MIL-R-55182) Hermetic Seal 


DIMENSIONS 


Dimensions— 
see diagram 
Inches (mm) 


“Qualified 
(QPL) Life Failure 
MIL Resistance | Temperature Rate Max. 
Power Rating Range Coefficient | Resistance (Per Voltage 


125°C 70°C (ohms) (PPM/°C) Tolerance 1000 HRS) (Volts) 


1/10W1/8W 100 +0.1% S = 0.001% i 345 3141 
to 1.21M +0.5% R = 0.01% Sb (8.76) 
+1.0% = 0.1% ; 
1/8BW Ss 1/4W 49.90 : 561 4848 
to 499K | ae (14.25) 
1/4W1/2W 49.90 ‘ ./80 1.2597 
to 1M 4 2 (19.80) 


*Within the resistance ranges shown, values indicated in the decade table values and their decade multiples, are available as standard. Other values Y; 


are available on special order. **Clean-lead to clean-lead. ® 
Q 
PERFORMANCE CHARACTERISTICS “= 
As aguide to the performance that can be expected a 
of RNR/RNN Series resistors, the following chart o' 
indicates typical results of tests performed in ¢ 
accordance with MIL-R-55182. o 4 
Max. % Change in Resistance is 77) 
se ae ae a ee 
MIL-R-55182 RNR Series = 
Requirements Average a 
= 
Thermal Shock & Overload, fe 
315)? 110) aA: 2% 02% 
Low temperature operation, —65°C 15% 05% = 
Terminal strength 2% 02% 72 
Dielectric withstanding Voltage 1% 02% ° 
Resistance to soldering heat, 350°C 1% 02% er 
Moisture resistance 2% 05% o 
Life 2,000 hours; 5% 10% 
10,000 hours 2.0% .20% 
‘Shock, (specified pulse) 2% 02% 
Vibration, High frequency 10-2000HZz, 
620G : ae 02% Som THOMMESOINi600° 9170 9190) 210 
ee Exposure 175°C, yo Bile AMBIENT TEMPERATURE -°C 
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MIL STYLE RNR/RNN 


Established Reliability Resistors (MIL-R-55182) Hermetic Seal 


MARKING 


Established-Reliability Series resistors are marked 
with the MIL type designation, JAN marking, date 
code, source code, and manufacturer’s produc- 
tion lot code, in compliance with MIL-R-55182. 


PACKAGING 


Bulk (100 pieces per box) or Lead Tape and Reel 
per EIA RS-296D. Custom packaging available 
per customer requirements. 


MIL-R-55182 PLUS 


Additional screening (100 hour burn-in, X-ray 

and serialization or other custom marking) is 

available per customer specifications. 

NOTE: Only resistors made to the exact speci- 
fications of MIL-R-55182 may be JAN 
marked. 


LEAD MATERIAL 


RNR = Type N Gold Plated per MIL-STD-1276 
RNN = Type N Gold Plated per MIL-STD-1276 


typical capacitance values 


C (pF) +25% 


Voltage Coefficient 


(PPM/Volt) =50% 


Power Coefficient 
(°C/Watt) +10% 


HOW TO SPECIFY 


MIL STYLE RNR/RNN Resistors can be completely specified 
using the following designation: 


RNR 55 C XXXX F Ss 
Tolerance 
B +0.1% 


D +0.5% 


Temperature Coefficient F +1.0% 


E +25PPM/°C 
C +50PPM/°C 


MIL Power Rating 
AZO. TOR 


55 = 1/10W 1/8W Resistance Value 


60=1/8W 1/4W XXRX <100 
65=1/4W 1/2W XXXX =100 
Lead Configuration 
e Failure Rate 


RNR = Solderable Li 
RNN = Weldable =a 
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if 

0.001%/1000 HRS 
0.01%/1000 HRS 
0.1%/1000 HRS 

1 


S) 
R 
Pp 
M %/1000 HRS 
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Standard Packaging of 


Film Resistors 
EE ee ee | LE a va a 5 | 


BULK PACK 


Resistors are packed 100 to a standard carton, 
either 1" x 1" or 134" x 134" by 334" long, overall 
dimensions, depending upon the resistor size. 


Figure 1. Bulk-Pack Resistor Cartons 


INSERT CARD 


Resistors are mounted in slotted cards, and 
locked in place by a card strip inserted beneath 
them. Up to 15 large, or 20 small resistors per 
card, readily amenable to bulk shipment. 


Figure 2. Insert Card Packs 


LEAD TAPE EIA RS-296-D 


Lead-taped resistors are packaged in the two Resistors can be furnished taped in a consider- 
formats following. In the Ammo Pack, the taped able variety of configurations, in either Ammo or 
resistors are folded into cartons of (usually) 1000 Reel packs, to suit production-line requirements 
resistors per tape. The Reel Pack holds up to and dimensional specifications for the automatic "% 
5000 resistors per tape, on a 12" diameter reel. insertion machinery employed. ty 


Figure 3. Lead-Taped Resistors in Ammo Pack (left) and Reel Pack (right) 
Formats. 


ESD (Electro-Static Discharge) packaging is 
available. Please contact factory for details. 
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The Resistor has been with us ever since Georg 
Simon Ohm straightened out the R = E/I situa- 
tion, early in the last century. For many decades, 
there was no appreciable demand for high- 
precision resistance; when the needs began to 
develop, it was often cheaper to make the essen- 
tial values in-house, to add trimmers, or to design 
around them by placing the accuracy burden 
elsewhere in the circuit. Even today, there remains 
an inherent tendency to make do with resistance 
accuracies of 20% or +10% in many design 
areas, on the basis that, if you use a tighter- 
tolerance resistor, it won't stay that way very 
long, but it will add a considerable boost to your 
production costs. 


A designer who thinks this way, without investi- 
gating the facts, does himself and his designs a 
serious disservice. Over the past thirty years, 
military and space program demands have spon- 
sored a technological revolution in all of the dis- 
ciplines. In the manufacture of resistors, we have 
developed new materials, new techniques and 
controls, and particularly new automatic test, 
sorting, and selection processes under computer 
control; exhaustive laboratory investigations and 
rigorous field tests have established an enormous 
fund of reliable technical information on the 
performance of resistors under all combinations 
of conditions—long term as well as short term. 
Such data are made available in condensed form 
in the specifications for each Philips Components 
resistor Series. Armed with these, and a famil- 
iarity with the significance of such ratings, as 
Outlined in the pages that follow, the designer can 
both extrapolate the performance of a particular 
resistor to a given set of operating conditions, 
and estimate its performance over any antici- 
pated range of conditions. He can confidently 
select a lower wattage, a different shape or size, 
a more-compatible characteristic, or a more 
economic style. He can unburden his circuits of 
the need for trimming or recalibration provisions 
by selecting a higher accuracy for certain critical 
resistors. This additional degree of freedom can 
pay off handsomely in improved performance, 
higher reliability, and in significant reductions in 
size, weight, and cost. 
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Resistor Parameters—Defined and Interpreted. 
Although the definitions that follow are widely 
accepted by the electronics engineering commu- 
nity as the most specific and useful means for 
describing the performance of a fixed resistor, it 
is unfortunately true that some manufacturers 
deviate from standard specification practice. 
Indeed, many of the parameters defined here are 
actually omitted from many resistor specifications. 
Furthermore, this lack of industry-wide standard- 
ization has led to uncertainty, and even confusion, 
as to both the interpretation and the significance 
of certain specifications...to the detriment of the 
final circuit design. The reader is urged, there- 
fore, to review these definitions, and to refer back 
to their interpretations, when evaluating and 
selecting resistors for his application. 


Accuracy (Tolerance). The maximum deviation 
from the nominal value of the resistance, at the 
standard trimming temperature, measured at neg- 
ligibly low test voltage and dissipation, usually 
expressed as a percentage of nominal resistance 
(or the equivalent in parts per million). /nitial accu- 
racy (the figure specified in a catalog) is the 
accuracy of the resistor at the time of shipment. 


NOTES: The “standard trimming temperature” 
for Philips Components resistors is 23°C (73.4°F). 
Measurements at other ambient temperatures 
must allow for the temperature coefficient (T.C. 
of the resistor. “Negligibly low test voltage and 
dissipation” means that the test voltage applied 
is not high enough to cause significant changes 
in resistance value, considering both the volt- 
age coefficient of resistivity (defined elsewhere) 
and self-heating effects (see definition of power 
coefficient). 


Temperature Coefficient (of Resistivity). The 
maximum change in resistance per unit change in 
the temperature of the resistor, usually expressed 
in (=) parts per million of nominal per degree 
Centigrade. Usually, a T.C. rating is associated 
with a specific temperature range, over which 
the maximum T.C. is never exceeded. 

NOTES: The temperature reference in this speci- 
fication is that of the resistor not the ambient 
temperature...although, in the absence of self- 
heating, if the resistor has had time to reach 
thermal equilibrium with the ambient, the resistor 
temperature may be the same as the ambient 
temperature. The preferred test method is to 


— 
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measure resistance (at negligible dissipation) at 
several different temperatures, holding each 
temperature long enough for the resistance to 
stabilize. (See later discussion of power coeffi- 
cient, for method of correction for significant 
dissipation.) 


Time Stability. The degree to which the initial 
resistance value is maintained, to a stated degree 
of certainty (probability), under stated condi- 
tions of use, over a stated period of time; usually 
expressed in (=) percent or (+) per unit (ppm) 
change in resistance per 1000 hours of con- 
tinuous use. 

NOTES: This parameter is very dependent on 
the conditions of use, drift being at a minimum 
for nominal ambient temperature and negligible 
dissipation. 


Power (Temperature-Rise) Coefficient. The maxi- 
mum rise in “hot-spot” temperature of the resistor 
above ambient, per Watt of dissipation, assuming 
free-air convection, and negligible loss of heat 
through the leads, after thermal equilibrium has 
been reached usually expressed in °C/Watt. 
NOTES: Remember that this coefficient relates 
the rise in temperature (above ambient) to the 
power dissipated in it. Thus, if the power coeffi- 
cient is 80°C/Watt, the power dissipated is 0.5 
Watts, and the ambient temperature is 50°C, the 
final equilibrium hot-spot temperature will be: 
SO26 3c Or or 00. © 90°76 
Note also that a hot-spot temperature of 90°C 
constitutes a 67°C rise above the standard trim- 
ming temperature of 23°C. 


Self-Heating Coefficient (of Resistivity). The 
maximum change in resistance due to tempera- 
ture change caused by power dissipation, at 
constant ambient temperature, usually expressed 
in percent of per-unit (PPM) change in nominal 
resistance per Watt of dissipation. 

NOTE: This parameter is actually the product of 
the Power Coefficient and the Temperature Co- 
efficient. 


Voltage Coefficient (of Resistivity). The maxi- 
mum change in nominal resistance due to the 
application of a voltage across the resistor, after 
correcting for the self-heating effect, usually 
expressed in percent or per-unit (PPM) change 
in nominal resistance per Volt applied. 
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NOTE: This relatively small error source is not 
due to heating, but rather to molecular distortion 
in the resistive material; however, an applied 
voltage can cause significant self-heating, and 
resistance changes due to temperature rise must 
be accounted for in measuring voltage coeffi- 
cient. Voltage coefficient is also, to a very slight 
degree, a function of voltage cycling (repetitive 
application and removal of a voltage near the 
maximum rated voltage limit of the resistor). 


AC/DC Impedance Ratio. The maximum ratio of 
the magnitude of the complex impedance (Z) to 
the DC resistance at the frequency of interest. 


NOTES: The simple equivalent circuit of a resistor 
shown here is valid, for all Philips Components film 
resistors, over the entire frequency range from 
DC to hundreds of megahertz. 


Because skin effect is negligible in all Philips 
Components film resistors, R, the resistive com- 
ponent of the impedance in the equivalent circuit, 
is constant at all frequencies. In almost all designs 
and resistance values, the inductance, L, has 
negligible effect up to several hundred megahertz. 
(The only exception to this statement is very low 
resistance values, of the order of 10-100 Ohms, 
in large wattage ratings, and then only above 
100MHz.) The capacitance, C, however, may be 
significant, particularly in high-value resistors, 
at high frequencies. Generally speaking, the 
capacitance for any given style and wattage rating 
does not vary more than +20% with the resistance 
value. In some of the individual resistor spe- 
cifications, this capacitance is given for the styles 
and wattage ratings, to within +25%. The AC/DC 
impedance ratio is then calculable from: 


IZ| = 1 
Rew Poe riRe)2 
where fis the frequency of interest. A family of typ- 


IZ| 
ical curves ofp vs frequency for various resist- 


ance values are shown in the following column. 
Note that the 100, curve (only) shows appreciable 
series inductance, but only above 150MHz. 
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“Useful” Frequency Range. This definition is arbi- 
trary, because the range of usefulness depends 
on the nature of the application. In some appli- 
cations, an AC/DC impedance ratio of 0.5 may 
be tolerable (e.g., in terminating certain filters), 
whereas in others, 0.99 may not be acceptable. 
At Philips Components the “useful” precision fre- 
quency range (for attenuators, voltage dividers, 
etc.) is defined very conservatively, by limiting it 
to the highest frequency at which the impedance 
differs from the resistance by more than the tol- 
erance of the resistor Thus, ifa 1,000 Ohm, +0.5% 
resistor has a nominal shunt capacitance of 0.5pF 
then the “useful” frequency range is from DC to 
the frequency at which: 
IZ 


(1 S = 0.5% 


1 ay 3 
or: (1 -VTF OrICRD = 5x10 : 


from which f =~ 2.5 MHz...although, as noted © 


earlier, many applications can use such a resistor 
from DC to many times that frequency. Indeed, 


Philips Components film resistors are used in — 
many applications approaching the gigahertz 


range...for example, the “useful” frequency range 


for terminating transmission lines and filter net- — 
works is at least 300MHz, between 500 and © 


10000, the range of values most often used for 
this purpose. 
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Failure Rate. The statistical probability of the inci- 
dence of “catastrophic” failure in a large number 
of identical resistors operated continuously for 
a given period of time under stated environmental 
conditions, usually expressed as maximum per- 
centage of units predicted to fail under continu- 
ous service at maximum rated power (or voltage, 
if that limit is reached first), at 25°C ambient. 


NOTES: The above definition is for an industrial 
failure-rate specification. MIL failure rates are 
established by the applicable MIL standards, to 
which the reader is referred. The “confidence 
level” implicit in the failure-rate calculation used 
to specify the reliability of Philips Components 
industrial resistors is 95%. Note also that “specifi- 
cation” failure rates (as opposed to catastrophic 
failure rates) may be significantly higher—i.e., a 
resistor may exceed its stability limits, as given 
by the preceding nomograph, without failing 
catastrophically. 


Thermal Noise Level. The equivalent RMS voltage 
value, over a stated bandwidth, of all energy 
components generated by the resistor at a stated 
resistor temperature, with no externally supplied 
current flowing through the resistor. 

NOTES: The basic equation relating bandwidth, 
temperature, and noise in any resistor may be 
derived from the theoretical Johnson thermal- 
noise equation, and has the form: 


E (RMS) = 7.4 RTAfx10-12 

where: R is the resistance in Ohms; T is the 
temperature in degrees Kelvin (°C +273); and Af 
is the bandwidth in Hertz over which the noise 
energy is measured. See nomograph following 
for calculation of the magnitude of thermal noise, 
for any resistor. This inevitable thermal noise is 
sometimes called ‘white noise,’ because its 
energy level is the same at all frequencies. There 
is another noise component in film and compo- 
sition resistors, called ‘‘current noise’ or ‘‘1/f 
noise,’ the energy of which is inversely propor- 
tional to frequency, and is a function of both the 
current flowing in the resistor and the value of 
the resistor. 

Current noise energy is almost exactly propor- 
tional, over wide ranges, to the square of the 
current flowing—i.e., to the square of the voltage 
across the resistor. Its variation with resistance, 
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however, is a very complex function of the con- 
struction and metallurgy of the resistor. This 
parameter is discussed under Noise Index. 


Noise Index. The ratio of the RMS current-noise 
voltage (over a One-decade bandwidth) to the 
average (DC) voltage caused by a specified con- 
stant Current passed through the resistor, at a 
specified hot-spot temperature, usually expressed 
either in wV/Volt, or in decibels of voltage ratio: 


RMS NOISE IN MICROVOLTS AT 23°C 


10 100 1K 
BANDWIDTH IN HERTZ 


10K 


Noise Voltage 

DC Voltage ? 
NOTES: A useful form of the above equation 
gives the total noise voltage for a given band- 
width, f,; to fo: 


N.I. 
Erms=Vpcx 1029) log (2) 
1 


where Vpc is the IR drop across the resistor and 
N.I. is the Noise Index in dB. Test conditions must 
be controlled carefully, to assure that the speci- 
fied hot-spot temperature is established. The 
measurement must be made on an instrument 
especially designed to permit correction for its 
own thermal noise, and the thermal noise of the 
resistor under test (usually negligible). If more 
than one decade of frequency is of interest, the 
RMS noise voltages add as the square root of 
the sum of the squares, so that the resultant 
multi-decade noise level is given by: 


Noise Index = 20 log 10 ( 


En= VUnEq 

where En is the total voltage for n decades of 
frequency and E, is the noise voltage for one 
decade. 
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The curve at the top of the next column shows 
the relationship between noise level and frequency 
for a typical film resistor. At higher frequencies, 
the current noise approaches the thermal noise, 
and finally falls below it. 


The curve following shows how noise index varies 
with resistance for typical Philips Components 
film resistors. 


Second-Order and Third-Order Error Sources. 
These parameters are of limited interest, and are 
usually not specified, because they are not 
required for design evaluation, but are worthy of 
mention here, for consideration in the rare appli- 
cation in which they may acquire some signifi- 
cance. (NOTE: All MIL specifications incorporate 
tests of these effects.) 


@ Insulation Resistance. The minimum resistance 
between any point on the protective coating of 
a resistor and either of its terminals. 

@ Insulation Voltage Limit. The maximum voltage 
that may be impressed across the path from 
either terminal to any point on the protective 
coating of a resistor. 

@ Temperature Retrace. The maximum change in 
resistance value caused by a specified number 
of cycles in resistor hot-spot temperature 
(caused by dissipation and/or ambient tem- 
perature changes), usually expressed as: a per- 
centage or per-unit (PPM) change from nominal 
resistance value (after ‘““N” cycles between T, 
and T»2). NOTE: A special form of this test is 
the “Short-Term Overload” procedure. 

& Voltage Retrace. The maximum change in resis- 
tance value caused by a specified number of 
cycles of application and removal of a speci- 
fied voltage to the resistor, with the “on” and 
“off” times also specified, usually expressed 
as: a percentage or per-unit (PPM) change in 
nominal resistance value (after “N” cycles or 
“Non, fOr ty and. otf forty). 

@ Environmental Retrace. The maximum change 
in resistance value caused by a specified 
number of cycles of exposure of the resistor 
between two different sets of environmental- 
stress conditions (e.g., high to low humidity, 
with or without simultaneous temperature 
change; corrosive atmosphere, shock, vibra- 
tion, etc.), expressed as a percentage or per- 


530 


unit (PPM) change from the nominal resistance 
value (for ‘“‘N” cycles between condition A, for 
a period of ta, and condition B, for a period of 
tp). 

@ Thermal Transient Response Time Constant. 
The maximum time required for the resistor to 
attain 63% of the steady-state (equilibrium) 
change in resistance from the initial value, as 
the result of suddenly (theoretically, instantane- 
ously) changing either the ambient temperature 
or the dissipation, expressed in seconds. Note 
that this is a measure of the “thermal mass’ 
of the resistor in its convection/conduction 
cooling environment, and the value measured 
may not correspond to that observed in prac- 
tice, unless the environments are similar. 


R= 22K 

Voc = 11 Volts (1 = 0.5mA) 

Noise Index = —20d! 

(0.14:V/V per decade of frequency) 
‘o 2Hz, 


20 
E = 20 x 107° / log 2 
E = 0.6u'V or approx. —4.2dB 


—20 


NOISE LEVEL IN dB (0 dB = 1h V) 


SLOPE = 
\ ef -2008/DECADE 


=0. 19uV or approx. 
35dB below 1LV 


NOISE INDEX 


—30 dB }j 


RESISTANCE IN OHMS 
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RESISTANCE DESIGNATION 


The code for specifying a resistor in any Philips 
Components Series is described in the catalog 
pages for that Series. The desired resistance 
value, in Industrial/Consumer types, is usually 
designated by standard nomenclature (i.e.: 15.40¢0, 
9.1K, 1.0M, etc.). Military types require MIL-spec 
designation of resistance: 
For 1% or smaller Tolerance 


6193 = 619,000 


1st significant figure | L_ number of zeroes 
2nd significant figure 
3rd significant figure 
For 2% or larger Tolerance 
624 = 620,000 


1st significant figure | L— number of zeroes 
2nd significant figure 

When the value of resistance is less than 100 
ohms, or when fractional values of an ohm are 
required, the letter “R” is substituted for one of 


the significant digits to represent the decimal 
point, and succeeding digits of the group then 
represent significant figures (i.e.: 47R6 = 47.6 
ohms; R50 = 0.50 ohms). 


STANDARD RESISTANCE VALUES 


For each size of resistor in each resistor Series 
in this catalog, a resistance range is given in the 
Characteristics and Nomenclature Table for the 
Series. In some cases, more than one range is 
listed, corresponding to the various temperature 
coefficients and/or resistance tolerances avail- 
able in a given resistor size. The listed range in 
each case determines the limits within which 
standard resistance values are obtainable. Within 
those limits, standard values may be selected in 
accordance with the following table, and the 
specified resistance tolerance. 

For a particular tolerance, any resistance value 
in the appropriate column may be specified, or 
any decade multiple (or submultiple) of that value, 
within the stated range. Non-standard resistance 
values are available on special order. 


STANDARD RESISTANCE VALUES FOR THE 10-TO-100 DECADE 


(also usable in decade multiples or sub-multiples) 
RESISTANCE TOLERANCE (+ %) 


0.1% 2% 0.1% 2% 0.1% 2% 0.1% 2% 0.1% 2% 0.1% 2% 
0.25% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 0.25% 1% 5% 
0.5% 10% 0.5% 10% 0.5% 10% 0.5% 10% 0.5% 10% 0.5% 10% 
100 100 10 Wipeataiee S ic) | shine ess glee 464 464 - 681 681 68 
10.1 = : 14.9 = 2 21.8 = - 32.0 = 47.0 = 47 69.0 _ = 
202 - 150 150 15 221 2a 90 324 32.4 Si es es 698 698  -—- 

10.4 = - 15.2 = = 22.3 = : 32.8 = = 48.1 = 70.6 - 

1Q:5—— 10:5--—- 154-454 —~ S 20.6 226 Bee age es os) 487 487 (Aesth, (sate ar 
10.6 = = 15.6 = 4 22.9 = : 33.6 = s 49.3 = - 72.3 - = 
(OMESIO7  .— see aiss. sos Oe. ae Ue 2 499 499 - 7 
10.9 = . 16.0 = 16 23.4 = 2 34.4 = = 50.5 = = 74.1 - = 
fDi 11-011 162-162 D2Taw MOBY. eo BAG <erea Fd fhm Str sie St 750 750 75 
114 = - 16.4 = 24.0 = 24 35.2 = = 51.7 - = 75.9 - - 
i a 1B ee 165 iain DT Soy a) eee eel ee Di oe = 
11.4 = = 16.7 = ss 24.6 - = 36.1 = 36 53.0 = = 777 = = 
icine tg 5 Salemi ioe 160) = LO 2 5 ne 536 536 - cee = 
11.7 = = 17.2 = = 25.2 = = 37.0 = = 54.2 = = 79.6 = = 
i ah CO Deouanaa i edameene 25 255 - 4. 374° 549-549 806 806 -— 
12.0 is 12 17.6 = = 25.8 = = 37.9 = = 55.6 = = 81.6 = = 
eee... IPS crentTse ren 26.1 26.1 SUE 56.2 56.2 56 825 825 82 
12.3 = = 18.0 - 18 26.4 = 38.8 = : 56.9 - : 83.5 & = 
a (eyemrtgoT A X55 392 39.2 39 ae ee wee 845 84.5 

12.6 . - 18.4 = = 27.1 = 27 39.7 S = 58.3 = » 85.6 ~ = 
a M2arc: = 18.77 eds 2A AnD He es 500 Osa — 866 866 — 
12.9 2 = 18.9 = = 27.7 = 2 40.7 = Z 59.7 - 87.6 = = 
0. 130 13 ca eg = 0 6280 = PO 604 604 re e8T. 2 
13.2 2 = 19.3 = Z 28.4 = = 417 = = 61.2 = = 89.8 = = 
Geiss | |S 196 196° «| = Tey! = Ho 2D) rae 619 619 62 99 909 9 
13.5 = A 19.8 = 3 29.1 = = 427 = s 62.6 = = 92.0 = = 
ee ky = 200 200 2 294 294° - ee) 634 63.4 =) ee 
13.8 _ = 20.3 : 2 29.8 = = 43,7 -: = 64.2 = 2 94.2 -s = 
oe 4140 9 = 5 20a = S00 20.1 30 442 4420 = 649 649 - 2 953° = 
14.2 = = 20.8 : 2 30.5 2 = 44.8 = = 65.7 5 = 96.5 = = 
ieee: Die hone > s09 3092 = 450) 0 4500 ee 665 665 - 7676) = 
14.5 _ = 21.3 = = 31.2 = = 45.9 = 7 67.3 E “ 98.8 - = 
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Trimmers 
QUICK REFERENCE INDEX 


RESISTANCE RATING TEMPERATURE 

DESCRIPTION TURNS RANGE (°C) (°C) 
[sneuerunn [enero [aw | 1 | wo2mec | sowe7o | -sovo+ms | sa” 
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SEALED CERMET TRIMMERS 


POWER 
RESISTANCE RATING TEMPERATURE 
DESCRIPTION TURNS RANGE (°C) (°C) 
_ C0 a [Saal RT Ta 
5 Pence oswes | sow eae 


pea 
Aud iO-5MEG | SOW a ae 537 
asa aes [te [toes zewees | esto iso | 509 | 
i 
12 


MIL R 39035 3/8" SQ. RUR24 10-5 MEG 50W @ 85° =6570+150 | 537 
eee eh 1/4" SQ. RUR26 | 12 | 10-5MEG .25W @ 85° —65 TO +150 539 


CONSUMER GRADE TRIMMERS 


RESISTANCE 
DESCRIPTION TURNS RANGE 
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Mepcopal Company is a joint venture of Philips Components Discrete Products Division and Copal Electronics Ltd. 
Philips Components is the sales agent for all Mepcopal Products. 

Mepcopal Company offers: 

* SURFACE MOUNT CERMET TRIMMERS, See the Philips Components Surface Mount Device catalog for details. 

* WIREWOUND TRIMMERS 

* BINARY CODED DIP ROTARY SWITCHES 

* PRECISION WIREWOUND POTENTIOMETERS 

* TURNS COUNTING DIALS 

* HIGH RELIABILITY FUSES 

* MODULAR CONTROL POTENTIOMETERS 

Contact the Mepcopal factory of your local Philips Components sales office or representative for details on these products. 


Mepcopal Company - 11468 Sorrento Valley Road * San Diego, CA 92121 * (619) 453-0332 ° FAX: (619) 481-1123 533 


PART NUMBERING SYSTEM 


HOW TO SPECIFY INDUSTRIAL CERMET TRIMMERS 


PHILIPS COMPONENTS TRADEMARK 


8014 E K W 103 
Model | | 
Pin Style 
E=Industrial yy 
Tolerance Resistance Code 
K=+/—10% 
COPAL TRADEMARK 
CT-6 P 103 
Model Pin Style Resistance Code 


HOW TO SPECIFY MILITARY CERMET TRIMMERS 


MIL-R RJR24 F 4 103 R 
39035 
Pin Style 
MIL Type 
Resistance 
Code 
MIL Characteristic Failure Rate Level 
C=250 ppm/"C M=1%/1000 hours 
F=100 ppm/°C P=0.1%/1000 hours 


R=0.01%/1000 hours 


MIL-R RJ24 F X 103 
5 22097 aa i 7 
= MIL Type Pin Style Resistance Code 
© MIL Characteristic 
my C=250 ppm/°C 


F=100 ppm/°C 


Mepcopal military trimmers are qualified to Failure Rate Level “R’’ and MIL Characteristic “F” for all ohmic values. 
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SERIES 8014 


Single Turn 4%" Round Diameter 
Miniature Cermet Trimmers 


DESCRIPTION RESISTANCE VALUES AND CODES 

Series 8014 single turn cermet trimmer is the 

smallest size trimmer of its type available today. The STANDARD 

4” diameter 8014 has a maximum height of. 180. hms ce ans ou 

Specifications include a maximum contact resis- 100 101 25K 253 

tance variation (CRV) of 3% maximum and less than as ae a Boe 

0.25% average. 1K 102 200K 204 
2K 202 250K 254 

The Series 8014 represents a major breakthrough 5K 502 SOOK 504 

in the design of high performance, high reliability 10K 103 }Meg 1c3 

potentiometers combining an exceptionally low 20h ae SPECIAL 

profile with equally low prices. Ohms Code Ohms Code 
10 100 2Me 205 

DESIGN FEATURES 20 200 5Meg 505 
50 500 

@ Low Cost 


@ Sealed - withstands automated soldering and 


Industrial cleaning progesses. >) 
© 
@ Broad Resistance Range available - 10 Ohms 3 
to 5 Megohms. © 
@ Tolerance - 10% = 
ma 
™@ Temperature Coefficient of Resistance - =) 
+100PPM/°C over entire operating range. 5 
®@ CRV - typically less than 0.25% average and 3% 1) 
maximum. a 
@ Cermet Element —- inherent environmental 
Stability. 


H Infinite Resolution — For smooth, continuous 
adjustment of voltage or resistance... Even in 
lowest resistance designs. 
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SERIES 8014 


Miniature Cermet Trimmers 


SPECIFICATIONS 


ELECTRICAL 


Resistance Range: 
100 ohms to 1 megohm, standard. 
10, 20, 50 ohms, 2, 5 megohms, special. 
Resistance Tolerance: +10% 
Temperature Coefficient: +100 ppm/°C 
Power Rating: .5 watt at 25°C derated linearly to 
O watt at 125°C. 


DIMENSIONS Operating Voltage: 200 V maximum. 
Slider Current: 100 mA, or within power rating, whichever 
is less. 
8014EKW End Resistance: 2 ohms, maximum. 
a 200 MIN Contact Resistance Variation: 3 ohms or 3% TR, which- 


ever is greater. 

Adjustability: +0.03% voltage ratio; +0.1% resistance. 
Resolution: Essentially infinite. 
Insulation Resistance: 1000 megohms minimum. 
Dielectric Strength: 600 VAC minimum. 
; Operating Range: -25°C to +125°C. 
K Electrical Angle: 190° nominal. 

90: 


ae = 018 + .001 DIA. MECHANICAL 


SOLDERABLE PINS 


> ALL PIN STYLES Element: Cermet 
AO aE DE Seal: Sealed to allow wave soldering and 


immersioncleaning. 
ee «pea gee Adjustment: 240° nominal. 
Operating Torque: 3 0z-in maximum. 
Stops: Solid both ends. 
Rotational Life: 200 cycles. | 
8014EKP Terminals: .018” dia. solderable pins. 
Terminal Strength: 2 Ibs. min., four 90° bends. 
Weight: .30 g (.011 0z.) maximum. 
Housing & Rotor: Thermoplastic. 
Marking: resistance value. 


eo ENVIRONMENTAL 
ee i Will perform satisfactorily under the following 


test conditions: | 
Thermal Shock: —25°C to +125°C. | 
Shock: 100G | 
Vibration: 20 G, 10 Hz to 2000 Hz. | 


i«— .022 


r— .180 MAX Moisture: 10 days, 80-98% RH 


Life: .5 watt at 25°C for 1000 hours 
Resistance to Soldering Heat: 350°C for 3 seconds. 


SCHEMATIC 


CCWU CW 
2 


S4ABUIUNAL ZJOWUAIBIT e 


WIPER 


@ TOLERANCES NOT SPECIFIED ARE +.010 
@ NOTE: W PIN SPACING FITS JEDEC TO-18 PATTERN. 
P PIN SPACING FITS JEDEC TO-5 PATTERN. 


536 Mepcopal Company ° 11468 Sorrento Valley Road « San Diego, CA 92121 + (619) 453-0332 * FAX: (619) 481-1123 


SERIES 8024 RJ24/RJR24 


Multiturn Cermet Trimmers 3" Square 


DESCRIPTION 


Series 8024 (Industrial), RJ24 (MIL) and RUR24 
(MIL-Established Reliability) trimmers consist of a 
ceramic/metal resistance element deposited on a 
ceramic substrate that is sealed against moisture 
and contaminants in a rugged housing designed 
to withstand high levels of vibration and shock. 
End-to-end resistance values range from 10 ohms 
to 5 megohms, with very low T.C. over a wide 
temperature span. 

Continuous cermet film provides infinite resolu- 
tion. Performance, both AC and high frequency, 
meets MIL-R-22097 and MIL-R-39035. Electro- 
mechanical and time/temperature stabilities are 
excellent. Series provides worry free performance. 


DESIGN FEATURES 


@ Essentially Infinite Resolution—for smooth, 
continuous adjustment of voltage or resistance 
...even in lowest-resistance designs. 

= Excellent Electromechanical Stability—initial 
adjustment is maintained even under severe 
shock and/or continuous vibration. 

& Very High Temperature/Time Stability—T.C. and 
long-term-drift characteristics approach those 
of wirewound controls costing far more and 
providing much less resolution. 

=@ Full MIL Conformance—Plus generous safety 
margins. 


DIMENSIONS 


Industrial 
8024 EKY 


050+.010 
.375+.010 
055+.005 L- .045+.005 


.4104.010 


Bee 003 


-187+.015 


150+ .015 
% 
ae 010 bea 


nad, 22 tWesy 


a 0304 .010 
Ys 
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SSD) ABB oon 
1004 .010 .019+.001 


STANDARD 
Ohms Code Ohms 
100 101 25K 
200 201 50K 
500 501 100K 
1K 102 200K* 
2K 202 250K 
5K 502 500K 
10K 103 1 Meg 
20K 203 
SPECIAL 
Ohms Code Ohms 
10 100 2 Meg* 
20 200 5 Meg« 
50 500 


2. SHAFT HEAD .090+.005 DIA. WITH .020+.005 W x .025+.005 DP. SLOT. 


*Not standard for RJ models 


Code 


253 
503 
104 
204 
254 
504 
105 


Code 


205 
505 


1. ALL DIMENSIONS IN INCHES UNLESS OTHERWISE SPECIFIED 
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RESISTANCE VALUES AND CODES 
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SERIES 8024 RJ24/RJR24 


Multiturn Cermet Trimmers 


SPECIFICATIONS 


DIMENSIONS ELECTRICAL 


INDUSTRIAL 


MIL-R-22097 MIL-R-39035 


8024EKP 


ADJUSTMENT SCREW 
-085+.010 DIA. WITH 
.020+.005 WIDE Xx 
025+.005 DEEP SLOT 


.050* 7 
*ALL PIN STYLES 
187.5 


RJ24FP RJR24FP 


375+.010 


be .055 
| i ne oe 


-1654.010 


| ji 
OBO a oe 
4 


-019+.001 DIA. SOLDERABLE PINS 


.100+.005 


375 + 015 


INDUSTRIAL 


@ 


.100+.005 


MIL-R-22097 MIL-R-39035 


8024EKW 


150 - 


RJ24FW RJR24FW 


Resistance Range: 

100 ohms to 1 megohm, standard. 

10, 20, 50 ohms, 2, 5 megohms, special. 
Resistance Tolerance: +10% 
Temperature Coefficient: +100 ppm/°C; 


Power Rating: 1 watt at 70°C, industrial; .5 watt at 85°C 
derated linearly to 0 watt at 150°C, military. 

Operating Voltage: 300 V maximum. 

Slider Current: 100 mA, or within power rating, whichever 
is less. 

End Resistance: 2 ohms. maximum. 

Contact Resistance Variation: 3 ohms or 3% TR, which- 
ever is greater. 

Adjustability: +0.03% voltage ratio; +0.1% resistance. 

Resolution: Essentially infinite. 

Insulation Resistance: 1000 megohms minimum. 

Dielectric Strength: 900 VAC minimum. 

Operating Range: -65°C to +150°C. 


MECHANICAL 


Element: Cermet 

Seal: Sealed to allow wave soldering and immersion 
cleaning. 

Adjustment: 25 turns nominal. 

Operating Torque: 5 0z-in maximum. 

Stops: Clutch action both ends. 

Rotational Life: 200 cycles (AT.R.<2%). 

Terminals: .019” dia. solderable pins. 

Terminal Strength: 2 Ibs. min., four 90° bends. 

Weight: .90 g (.031 0z.) maximum. 

Housing: Thermoplastic 

Marking: logo, part number, pin numbers, 
schematic, pin style, resistance code, date code. 


ENVIRONMENTAL - Per MIL-R-22097/MIL-R-39035 


S4auiuiay Jautsay en 


Characteristic re 
Temp. Coeff. PPM/°C +100 
Maximum % change in total resistance: 
Thermal shock -65°C to + 150°C 1% 
Moisture, 10 days, 80-98% R.H. 1% 
Shock, 100G 1% 
Vibration, 20G to 2kHz 1% 
INDUSTRIAL MIL-R-22097 MIL-R-39035 Life. jbo eae he 
- ours 
8024EKX RJ24FX RJR24FX RJR - 10000 hours 5% 
Low Temp. exposure -55°C 1% 
045 High Temp. exposure @ 150°C 
' RJ - 250 hours 2% 
ea RJR - 1000 hours 2% 
150-015 & Rotational life, 200 cycles 2% 
Immersion, water, no leaks 85°C 
Solderability 95% coverage 
Salt spray, 96 hours Resistant 


isl ees 015 


TYP 
-015+.003 


@ TOLERANCES NOT SPECIFIED ARE +.010 


NOTE: 


Dielectric strength 
Operating Range 
Characteristic “F”. 
SCHEMATIC 


—ae— CW 


350VAC at 70,000 ft. 
=65'C to 160 G 


Industrial models designed to meet Mil-R-22097 


CCWU CW 
WIPER 
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SERIES 8026/ RJ26/RJR26 


Multiturn Cermet Trimmers 4" Square 


DESCRIPTION 


Series 8026 (Industrial), RJ26 (MIL) and RJUR26 (MIL- 
Established Reliability) consist of a ceramic/metal 
resistance element on a ceramic substrate that is 
sealed against moisture and other contaminants in a 
rugged enclosure designed to withstand high levels 
of shock and vibration. End-to-end resistance values 
range from 10 ohms to 5 megohms with very low 
temperature coefficient. 


Continuous cermet film provides infinite resolution. 
With 12 adjustment turns, setability is excellent. Per- 
formance, both AC and high frequency, meets MIL-R- 


22097 and MIL-R-39035. End resistance is negligible, 


and electromechanical and time/temperature stabili- 
ties are excellent. This series provides the highest 
reliability and performance in 0.25-Watt applications 
where multiturn setability in the smallest possible 
space is required. 


RESISTANCE VALUES AND CODES 


STANDARD 
Ohms Code Ohms Code 
100 101 25K 253 
200 201 50K 503 
500 501 100K 104 
1K 102 200K* 204 
2K 202 250K 254 
5K 502 500K 504 
10K 103 1 Meg 105 
20K 203 
SPECIAL 
Ohms Code Ohms Code 
10 100 2 Meg~ 205 
20 200 5 Megx« 505 
50 500 


*Not standard for RJ models 


DESIGN FEATURES 


@ Wide Design Freedom — all three orientations of 
mounting and adjustment access. 


@ Full MIL Conformance - Plus Generous Safety 
Margins. 


@ Essentially Infinite Resolution — for smooth, con- 
tinuous adjustment of voltage or resistance...even 
in lowest-resistance designs. 


@ Excellent Electromechanical Stability — _ Initial 
adjustment is maintained even under severe shock 
and/or continuous vibration. 


@ Very High Temperature/Time Stability — T.C. and 
long-term-drift characteristics approach those of 
wirewound controls costing far more and providing 
much less resolution. 


@ Very Low End Resistance — minimum resistance at 
either end of range is essentially negligible, except 
in lowest-resistance units. 


g Wide Range of Resistances 
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SERIES 8026 RJ26/RJR26 


Multiturn Cermet Trimmers 


DIMENSIONS 


MIL-R-22097 
RJ26FP 


INDUSTRIAL 
8026EKP 


MIL-R-39035 
RJR26FP 


.250+ .020 


.016 + .001 DIA. 


SOLDERABLE PINS 
ALL PIN STYLES 


*ADJUSTMENT SCREW 
.065 DIA. WITH 

.020 + .005 WIDE X 
.025 + .005 DEEP SLOT 
ALL PIN STYLES 


.100 + .005\Typ) 


125 


.250+'.020 


INDUSTRIAL 
8026EKW 


MIL-R-22097 
RJ26FW 


MIL-R-39035 
RJR26FW 


250+ .020 


040-1 v | 


| 


.250+ .020 


mil 


.100 + .005 
030-4 | 


eo igiee= ieee 

NR 

chi 
@ 


MIL-R-22097 
RJ26FX 


INDUSTRIAL 
8026EKX 


MIL-R-39035 
RJR26FX 


.250+ .020 


.250+.02 


.200 MIN. 


afts 
- 
100 + .005(Typ) 


030}+{ F 


@ TOLERANCES NOT SPECIFIED ARE +.010 


SPECIFICATIONS 


ELECTRICAL 


Resistance Range: 
100 ohms to 1 megohm, standard. 
10, 20, 50 ohms, 2, 5 megohms, special. 

Resistance Tolerance: +10% 

Temperature Coefficient: +100 ppm/°C 

Power Rating: .25 watt at 85°C derated linearly to O watt 
at 150°C. 

Operating Voltage: 200 V maximum. 

Slider Current: 100 mA, or within power rating, which- 
ever is less. 

End Resistance: 2 ohms maximum. 

Contact Resistance Variation: 3 ohms or 3% TR, which- 
ever is greater. 

Adjustability: +0.03% voltage ratio; +0.1% resistance. 

Resolution: Essentially infinite. 

Insulation Resistance: 1000 megohms minimum. 

Dielectric Strength: 600 VAC minimum. 

Operating Range: -65°C to +150°C. 


MECHANICAL 


Element: Cermet 

Seal: Sealed to allow wave soldering and immersion 
cleaning. 

Adjustment: 12 turns nominal. 

Operating Torque: 3 oz-in maximum. 

Stops: Clutching action both ends. 

Rotational Life: 200 cycles (AT.R.<2%). 

Terminals: .016 dia. solderable pins. 

Terminal Strength: 2 Ibs. min., four 90° bends. 

Weight: .44 g (.015 oz) maximum. 

Housing: Thermoplastic. 

Marking: part number, pin 

numbers, schematic, pin styl, resistance code date code. 


ENVIRONMENTAL - Per MIL-R-22097/MIL-R-39035 


Characteristic | 
Temp. Coeff. PPM/°C +100 
Maximum % change in total resistance: 
Thermal shock -65°C to + 150°C 1% 
Moisture, 10 days, 80-98% R.H. 1% 
Shock, 100G 1% 
Vibration, 20G to 2kKHz 1% 
Life, O.5W @ +85°C 
RJ - 1000 hours 2% 
RJR - 10000 hours 5% 
Low Temp. exposure -55°C 1% 
High Temp. exposure @ 150°C 
RJ - 250 hours 2% 
RJR - 1000 hours 2% 
Rotational life, 200 cycles 2% 
Immersion, water, no leaks 85°C 
Solderability 95% coverage 


Resistant 
350VAC at 70,000 ft. 
-65°C to +150°C 


Salt spray, 96 hours 
Dielectric strength 
Operating Range 


NOTE: Industrial models designed to meet Mil-R-22097 


Characteristic “F”. 


SCHEMATIC 


— SB CW 


CCWU CW 
WIPER 
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SERIES 8038 


Single Turn Cermet Trimmers %s" Square 


DESCRIPTION DESIGN FEATURES 
Series 8038 single turn cermet trimmer consists of @ Low Cost 
aceramic/metal resistance element deposited ona 

ceramic substrate that is sealed against moisture &@ Sealed - withstands automated soldering and 


and contaminants in a rugged thermoplastic hous- industrial cleaning processes. 
ing. 


The Series 8038 offers high performance and high 
reliability at an economical price. 


STANDARD @ Temperature Coefficient of Resistance - 


@ Broad Resistance Range available —- 10 Ohms 
to 5 Megohms. 


eee Chins 4 -Code i Sh -Ohmst "Code" =? +100PPM/°C over entire operating range. 
100 101 25K 253 
200 201 SOK 503 @ CRV - typically less than 0.25% average and 3% 
500 501 100K 104 asp secant 
1K 102 200K 204 
2K 202 250K 254 
5K 502 500K 504 @ Cermet Element - inherent environmental 
10K 103 1 Meg 105 stability. 
20K 203 
SPECIAL P @ Infinite Resolution — For smooth, continuous 
Pins Code Phips Gade adjustment of voltage or resistance .. . Even in 
10 100 2 Meg 205 lowest resistance designs. 
20 200 5 Meg 505 
50 500 2) 
© 
| 
SPECIAL PIN STYLES 8038 EKH, EKR, EKU 3 
Ph 
EKH EKR ~ 
hl) 
.088*.015 3 
a E 
.200 
| q 
3 2 i > 
Laer 
.100 150 
.150 


Contact factory for price and delivery. 
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SERIES 8038 


Single Turn Cermet Trimmers 


DIMENSIONS 


PIN STYLES P, V 


| 


wi 100 
a 020 Stand Off Be 


ADJUSTMENT SLOT - 
.100 LONG X .030 + .005 WIDE X .030 + .005 DEEP 


TOP ADJUST 


SIDE ADJUST 


- cei ie 


ROTOR 
ROTOR 
020 
ff 
200 Stand O 
ies: 020 + .001 DIA. 
a eagles PINS 


ALL PIN STYLES 


PIN STYLES 


TOP ADJUST 


8038 EKP 
TOlS 


SIDE ADJUST 


8038 EKV 8038 EKW 
100 IN-LINE 100 IN-LINE 


ROTOR 


2 3 
QM @ 
00 


100 


te 


8038 EKX 8038 EKZ 
TO-5 150 IN-LINE 
ROTOR 


S4OUIWIAL JaULIa <e 


PIN STYLES W, X, Z 


SPECIFICATIONS 


ELECTRICAL 


Resistance Range: 
100 ohms to 1 megohm, standard. 
10, 20, 50 ohms, 2, 5 megohms, special. 
Resistance Tolerance: +10% 
Temperature Coefficient: +100 ppm/°C 
Power Rating: .5 watt at 85°C derated linearly to 
O watt at 125°C. 
Operating Voltage: 300 V maximum. 
Slider Current: 100 mA, or within power rating, whichever 
is less. 
End Resistance: 2 ohms, maximum 
Contact Resistance Variation: 3 ohms or 3% TR, which- 
ever is greater. 
Adjustability: +0.03% voltage ratio; +0.10% resistance. 
Resolution: Essentially infinite. 
Insulation Resistance: 1000 megohms minimum. 
Dielectric Strength: 900 VAC minimum. 
Operating Range: -25°C to +125°C. 
Electrical Angle: 270° nominal. 


MECHANICAL 


Element: Cermet 

Seal: Sealed to allow wave soldering and immersion 
cleaning. 

Adjustment: 300° nominal. 

Operating Torque: 3 0z-in maximum. 

Stops: Solid both ends. 

Rotational Life: 200 cycles. 

Terminals: .020” dia. solderable pins. 

Terminal Strength: 2 Ibs. min., four 90° bends. 

Weight: 1.13 g (.04 oz.) maximum. 

Housing & Rotor: Thermoplastic 

Marking: part number, pin numbers, 
CW pin, rotor indicator, resistance code, date code and 
pin style. 


ENVIRONMENTAL 


Will perform satisfactorily under the following 

test conditions: 

Thermal Shock: —25°C to +125°C. 

Shock: 100G 

Vibration: 20 G, 10 Hz to 2000 Hz 

Moisture: 10 days, 80-98% RH 

Life: .5 watt at 85°C for 1000 hours. 

Resistance to Soldering Heat: 350°C for 3 seconds. 


SCHEMATIC 


—es CW 


ee a 


WIPER 


@ TOLERANCES NOT SPECIFIED ARE +.010 


542 Mepcopal Company « 11468 Sorrento Valley Road « San Diego, CA 92121 * (619) 453-0332 * FAX: (619) 481-1123 


SERIES CT & RJ 


Single Turn Cermet Trimmers 


STANDARD SPECIFICATIONS 
ELECTRICAL 


Resistance 
range 10Q ~ 2MQO}100 ~ 2MQO 100 ~ 5MQO 


0.5W(70°C) 0.75W(70°C) 
OW (125°C) OW (125°C) 


200V DC 300V DC 
or power rating, whichever is smaller. 


Resistance 
tolerance 


Power ratings 


Max. input 
voltage 


Max. wiper 
current 


Electrical angle, ne ° 


Electrical 
continuity 


100mA or power rating, whichever is smaller. 


230° 


Continuous for full mechanical range. 


End resistance, 


: : ‘ 
aoe, 1% or 20, whichever is greater. 


Resolution Essentially infinite 


C.R.V. 


(MIL-R-22097), 
max. 


Operating 
temp. range 


Temp. 5009 ~2MqQ: 1000 ~2M: 500 ~2M0Q: 

coefficient, +100ppm/°C | +100 ppm/°c +100ppm/°C 

max. 10,200 100 ~500: 10,20,5MQ 
(—55°C +250ppm/°C | +250ppm/°C +250ppm/°C 
eon) 


1% or 3, whichever is greater. 


O00) Caw 2onG 


Insulation 
Dielectric 900 Vrms 500 Vrms 900 Vrms 
strength (1 minute) | (1 minute) (1 minute) 
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MECHANICAL 


20~200 150 30 ~350 
g-cm g-cm oc 


Mechanical 
angle, nominal 


20 ~ 150 
g-cm 


Shaft torque, 
max. 


500 g-cm 450 g-cm 500 g-cm 


Terminal 
strength, min. 


1 kg (MIL-R-22097) 


200 cycles 200 cycles 
(AR/Rs+ (100 ~2000 AR/Rs+(0.50 +3%)), 
(20+3%)) (5009 up: AR/Rs+(0.50 +2%)) 


—65°C ~ +125°C 
(AR/R = 1%) (S.S. = 1%) 
80 ~98%RH, 10 cycles, 240hrs., 
(AR/R = 2%) (AR/R <= 1%) 
100G 
(AR/R = 1%) (S.S.<1%) 


: 2 20G, 10 ~2,000Hz, 
Vibration 


Shock 


(AR/R 1%) (S.S.= 1%) 


: 70°C, Rated power, 1,000hrs. 
Load life 


(AR/R <3%) (S.S.<1%) | (AR/R<2%) (S.S.<1%) 


Low tempera- —55°C, 2hrs. 
ture operation | (AR/R=2%) (S.S.=2%) 


High tempera- 125°C, 250hrs. 


ture exposure | (AR/R=<3%) (S.S.<2%) | (AR/R=2%) (S.S.<2%) 


350°C; 3'sec: 
(AR/R<1%) 


AR/R: Change in total resistance 


Soldering heat 
S.S.: Setting stability 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


STANDARD RESISTANCE VALUES 
AND MAX. INPUT RATINGS 


Max, input voltage (V) Max. wiper current (mA) 


Felco Gels eS 
(Q) 
eee eee 
a a a 

sox co] esse 


penfesel 7 Tamla | 7 [a a0 
SINR eer eh poe 
[a as | a 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


DIMENSIONS (in mm/inch) 


CT-6 
Unspecified tolerance +0.3 mm/=+0.012 inch Ee (le, 


=— CW 
SOLDER PLATE 
700° Noy, 0.6WX2.6LX1.6D_ 3- 60.45 CW SLIDER 
/0.024Wx 0. 102L x 0.0630 Eencareain 3 2 (DCCW 
1 
Top adjustment Z i 
Matby J 2.57255 
0.276 0.098 0.098 
A 0.6WX2.6L.X1.6D ae ae 
260 NOM /0.024Wx0.102L x 0.0630 Seis 
LE Puget 3-0.0/8 DIA 


CT-6W 


Top adjustment 


-6WX2.6LX1.6D 3- £0.45 i CW SLIDER 
024W xX 0.102L x 0.063D 3 2 D CCW 


Top adjustment 
enue et 
0.276 
SOLDER PLATE 
760 NOy 0.6WX2.6LX1.6D 3- 40.45 CW SLIDER 
; / 0.024WX0. 102L X 0.0630 3-0.018DIA 3 @ @Occw 
Top adjustment 
25) 2.5) 
0.098 0.098 


SOLDER PLATE 
3-40.45 0.6WX2.6LX 1.60 


1°) 
a 
3-0.018DIA “0. 024W X0.102L X0.063L 3 
© 
Oh 
CT-6S wo 
Side adjustment mh 
3 CW =i 
q 
3 CW 3-90.45 = , _0.6WX2.6L Xx 60 — 7) 
3-0.01 801A 0.024W x 0. 102L x 0.0630 
2) SLIDER 
CT-6X o 5 
Side adjustment Ste q 
Pe ares 
0.098 0.138 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


SOLDER PLATE 
3-90.45 0.6WX2.6L.X1.6D 
3-0.018D/A. \ / 0.024W x0 102L x 0.063D 


CT-6H 


Side adjustment 


2:5, 3.5 |~Ocw 


< | 
: 0.098 0.138 pee 2 . J Rao 
CT-6 for automatic insertion 
Unspecified tolerance +0.3 mm/+0.012 inch Taped Version 
| ,000 pcs per reel 
CT-6TV 020 * 999 
Top adjustment (0.50 0-28 mm) 
500 S27 a OlONZ 
(Guia . | (7.007 £0: 30-0nm) | 
117 MIN. —e| ieee Oe 


710 + .030 (3.50 + 0.30 mm) 


oS Be See (3.00 mm MIN.) | 
(18.0 + 0.76 mm) 


350° coe 976 +.039 
a ae OS AES. UNITS) 
(8.89 +0: 7° mm) a : (24.80 + 1.0 mm) PLANE WITHIN + 5°. 
157 +.012 oe | Be at 
(4.00 +0.30 mm) —.020 
+.012 ' 
500 _'o19 ee (18.0 Sn mm) 
12.70 +9.30 | .250+.020 
( =0.25°™) 1 a 
((6.35 +0.50 mm) 
+.020 
CT-6TH pi ees 
+0.50 
Side adjustment (0.50 “y59 mm) 
500 be .276 +0.012 
(12.70 mm) (7.00 +0.30 mm) 
jay dain fag MSW Sex O72 
710 +.030 (3.50 + 0.30 mm) 


se (3.00 mm MIN.) | | 
(18.0 0.76 mm) 


50 ase 1.071 +.039 : 
=e ee PROM P s UNITS TO LIE ON SA\ 
(8.89 +278 mm) $ CAP 20S 100 ray) PLANE WITHIN + 5% 
wll ; 
eee i ae DIA. 7 +.040 
(4.00 +0.30 mm) -710 _'920 
+.012 i Plate, Tt ane 
500 _'o19 | Le (18.0 re mm) 
(12.70 +930 mm) a ie .250+.020 
(6.35 +0.50 mm) 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


—— 
| 
. . . | 
Plastic Magazine Version ee 
75 pes per stick © “2/8 
es 
eet 
“O6WX26Lx 1.60 ee: cew 
160 NOsy - “ 0024W x0 102L x0 0630 30.45 SOLDER PLATED | 
aos. 3-DIA 0018 a 
Top adjustment 
ee Le Se) Poh 2.5] 2.5} 
0.276 0228 0122 0.098 0.098 
3.0.45 
SOLDER PLATED 0.6W X 2.6L X 1.60 
3.DIA 0.018 ; 0.024W x0 102L X0.063D 
CT-6MS ne 3 
N So] re 
Side adjustment uj, e 5 
oot 
0.276 *§ Gos 
Unspecified tolerance +0.3 mm/+0.012 inch 
Q) 
7 hah ae 
= CW: 
0.6WX2.5LX0.8D 3-¢ 0.45 < & @SLIDER 
0.024W x 0.098L x 0.03107 /3-DIA0.018 ra 
Z SOLDER PLATE =|5 
oOo ® 


RJ-4W Ree: 


Top adjustment 


rae @cew 
Sie . 
4s ‘i 6.5+1.5 = oe 
0.177 0.256+0.059 
SOLDER PLATE 
0.6W X2.5L X0.8D 
-DIAO.018 0.024W x 0,098L x 0.0310 


RJ-4WS 


Side adjustment 


S4auMIUAL JaUuI4Ia 


0.220) tne 0. 197+ 0.079 0. 260 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


RJ-6 
Unspecified tolerance +0.3 mm/=+0.012 inch 


RJ-6P 


Top adjustment 


70 os 
0.276 DIA 


j t 
0.5WX 2.6L X0.8D 
0.020W x0. 102L «0 


RJ -6W 


Top adjustment 


0.5W X2.6L X0.8D 
0122 pia 0-020WX0.102L x00 


Dre 


2 
3 >a | 
ee eee) WE See 
ee 0.276 * 0.073 2 SLIDER Fas) 2.5 
eas (0.098) 0.098| 


0310 3-0.016 DIA 
GOLD PLATED PIN 


sige 02762007 2 SLIDER 


3-¢ 0.4 


31D 3-0.016 DIA 
GOLD PLATED PIN 


6.6 ot pene ate 
0.260 t 0.236 0.343 
+02 fen nes 
Mee 1 CCW Wc ase 
0.043 0.098 92 
re < 
RJ-6S a: é 
aye oS 
Side adjustment ete ie 
! 
OS 
2 SLIDER 5 oy 0.024 sed _9.5Wx2.6L X0.8D 
3-0.016 DIA 0.020W x0. 102L x0.031D 
6.6534 | 
0.260' 5 oos 
sp alle) phos 
0.043+0 008 [0.098 
3 CW ; 
RJ -6X aE: = = | 
Nes —tc eo |ce 
ie am|sN sm ie 
Side adjustment oie Sye cS) 
t 
i CCW a ype 
2 SLIDER J _0.5WX2.6L X0.8D 
3- 0.016 DIA 0.020W X0.102L x0. 0310 
GOLD PLATED PIN 
$3.1 
0.122) 
acm 
\ ALIN (CcW % 
RJ-6F (pN i) 
t <p | wo |= 
Rear adjustment ee Ly] ={2 Slo 
\ =e, Ae SS 
ots aa We 
fin 4.4 |. 2)SLIDER aC 
0.173 0.173 3-0. 016 DIA 
0.5WX2.6L X0.80__ GOLD PLATED PIN 
0.020W X0.102L x 0.0310 
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SERIES CT & RJ 


Single Turn Cermet Trimmers 


RJ-13 
Unspecified tolerance +0.3 mm/+0.012 inch 


@SLIDER (ce Almere 


0.295 +0 079) 0.248 


joes 


004 


*0 O16 
0 


RJ-13P 


Top ajustment 


0.488 DIA 


/3 0.740 05 
3-0 028 DIA 
GOLD PLATED PIN 


GOLD PLATED PIN 
3290, 120-05. — my ge 0.7WX5.0LX1.0D 
3-0.028 DIA _ / 0, 028W X0.197L X0.039D 


\ 
aD 
wW|o SS 


2SLIDER | CCW 
\ \ 


x aS She 
RJ-13S . : ‘A fe 
Ns \2 ren 
Side adjustment 2 A | | Soe 
; In ns 
tg ly of 
ra Ne Saber : 
ey sala = 
0.047 | 0.098 ° 3 CW 
8.8731 [7.5220 Ae 
0.346 °0 oN 0.295 008" g 53518 thy ' 
7,0%2.0,7.549-5 7.0 1.0 
6 510.276 + 0 039 
| 
| 2 RED PAINT 
RJ-13B = 2 “==. SHAFT DETAILS 
; KS ee art \ 
o|Z ioe) | 
Panel mount Shs eae 
° || 0.6 
al = al es 
/ | \_NUT.MS,W=3.2  < 
LSA | NUT MS.W=0. 126 pa KE 
30 028 DIA [WASHER 0.8t €ch. stops ° 
GOLD PLANTED PIN WASHER 0.031! 
0.7WX3.8LX 1.10 7 
0.028W x0 150L x 0.0430 7 
2.5 2.5 UO =U G8 Oe : ; 
0.098 7 098 (6 669°0 079; 0.248] 0.276 | < 210 NOw p) 
iL = = 29S | | | +0 020 S 7 
a es ie 1") 
S <«-| Oo / \ 
ale B eice a 
Top adjustment | © “ S j @ 
/ aa i 4 hy 
3.CW | CCW J SAV MO.2 
30.028 DIA -0 00: MO. 008 = 
GOLD PLATED PIN KNURL = 
3 
Bee ton Ome 3 
0-306 76 | 13 0.7WX3.8Lx AO) ® 
>| GOLD PLATED PIN Roca [0 028Wx0.T50L x0 0430 = 
SE TIRES ae Oe w 
3.0.028 DIA | 
RJ-13SR ae His. ff 
Nic Ko | (ee Ea HS 
Side adjustment ats BOS s 


[2s 


2SLIDER: |, | 3 CW 
i | M0.2 
[eeu Ly eos MO 008 
0 047 0.098 KNURL 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


STANDARD SPECIFICATIONS 
ELECTRICAL MECHANICAL 


Item 


Resistance 
tolerance 
Power tangs TSW (70°C) 0.5W ( 70°C) 
g OW (125°C) 
Max input voltage 300V DC or power rating, whichever is smaller. 


100mA or power rating, whichever is smaller. 
Electrical continuity Continuous full mechanical range. 


1% or 2, whichever is greater. 


Essentially infinite 


C.R.V., max. 9 i 
(MIL-R-22097) 1% or 30, whichever is greater. 
Operating temp. —55°C ~ +125°C 
range 


Temp. coefficient, 500-2M0O 500-2m0 

max. +100ppm/°C | +100ppm/°C 

(55°C aoc) 100, 200 100 200, 5MQ 
-250ppm/°C +250ppm/°C 


Insulation 
Dielectric 600 Vrms 900 Vrms 
strength (1 minute) (1 minute) 


200 cycles 
(100 ~2000 AR/R <(0.50+3%)) (AR/R< 
(5000 ~5MQ AR/R <(0.50+2%)) (20+3%)) 


Rotational life 


+100ppm/°C 
ENVIRONMENTAL (MIL-R-22097) 


Thermal shock 65°C ~ +125°C, 
(AR/R<1%) (S.S.< 1%) 
a 80 ~98% RH, 10 cycles, 240 hrs., 
Humidity 
(AR/R < 1%) (AR/R S2%) 


Shock 100G, 
(AR/R 1%) (S.S. <= 1%) 
Vibration 20G, 10 ~2,000Hz, 
(AR/R 1%) (S.S.< 1%) 


70°C, Rated power, 1,000 hrs. 
Load life 


(AR/R <2%) (S.S.< 1%) (AR/R =3%) 
(S.S.<1%) 


ae, 7 lal. 


Low temperature 


operation (AR/R <1%) (S.S.<2%) alee 5 
Ft ee (S.S.<2%) 

High temperature Lee Gre Mee 

exposure (AR/R <2%) (S.S.<2%) GES) 
pe : (S.S.<2%) 


Soldering heat 350°C, 3 sec. 
(AR/RS 1%) 


AR/R: Change in total resistance 
S.S.: Setting stability 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


STANDARD RESISTANCE VALUES 
AND MAX. INPUT RATINGS 


Resistance Max, input voltage (V) | Max. wiper current (mA 


Code | CT-20 TM-7 | CT-20 TM-7 


100 1.00 


a 


— 


Hl 
NE 


2 


(o>) 
—_-_ | — 
2) | t=) 
Sy | {=> 


ao 
oS 
ou 
ro) 
oS 
— 
ro) 
3 


100 
0 


NO 


(One Owe Bel es 
oy] =} 
— 


102 


0 
10K 
2 
.) 


0 

0 

1K 
2K 
SK 
OK 
25K 
OK 


100K 
200K 204 
250K 254 
500K 504 300 


© 
USS 
WwW — 
i=) on 
= (ee) 
oO 
(ee) 
ee) 
— Ww 
on — 
oO (op) 


; 

it 
\ 

} 
\ 


1M | 105 3 0.30 
M | 205 300 0.15 
m | sos | [300 | || oe 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


DIMENSIONS (in mm/inch}) 
CT-20 (15 turn) 


Unspecified tolerance: +0.3mm/=0.012 inch ; 
$2.5, Solt 0.6W X0.8D @ ae 
/ 0.098 DIA ea 
19 Slot 0.024W X0.031D 
0.748 


CT-20P =~ st 


Side adjustment 


3- 40.5 0.500 0.130 


/ dcw SOLDER PLATED 


vo 3-0.020 DIA 
DCCW 2)SLIDER 


¢2.5, Solt 0.6W X0.8D 
/0.098 DIA a 
Slot 0.024W x 0.0310 


CT-20X 


Side adjustment 


7) 
EGe 
17.8 0.299 0.6 


0.70! 0.024 


| 
3-0.5 . 


\ SOLDER PLATED 
CW 3-0.020 DIA 


DCCW (QSLIDER 


CT-9 (18 turn) 
Unspecified tolerance: +0.3mm/+0.012 inch 


Ce) 


w 
=) 


$2.3, Slot 0.6W X0.8D 


0.091 DIA 3- 0.5 fade 
Slot 0.024WX0031D SOLDER PLATED 0.098) 
ee ae 


3-0.020 DIA 


: @ccw : 
: ; LA 4.8 
0.217 $8848 0.276 #0079 08S 1 ose 


+0004 


Side adjustment 


5|2.5 


512) 
0.098/0.098 
4.8 
0.189 


1.4 


$2.3, Slot 0.6W X0.8D 

0.09! DIA 3-40.5 

Slot 0.024W x 0.0310 SOLDER PLATED 

3-0.020 DIA 
6) 


I] 9.6 “| 
0.217 ' 20!6 0.043 0.378 0.197Min 


0004 


CT-9W 


Top adjustment 


S4OUIUNAL 39U113 | 


9 
0.378 


0.098'0.098 
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SERIES CT & TM 


Multiturn Cermet Trimmers 


$2.3, Slot 0.6WX0.8D 


0.091 DIA Slot 0.024W x 0.0310 
3- 0.5 SOLDER PLATED 


- 3-0.020 DIA 
Cc 9X ~~@cw 3 
Side adjustment @SLIDER 2 
| @ccw S 
9.6 5Min. 
0.2177 O08 0.378 0.197Min 
+.020 
CT-9TX er ee 
«0.50 =) 25. mao) 
a + O16 
5 oN as fee = ~— 
i = +0.40 
(12.70 mm) LD: SON see MT) Re 
710 + .030 1 (2.70 £0.30 mm) 
(18.0 + 0.76 mm) 
.079 max 
2 (2.00 mm) 
50s 5: ye 1.0874 .030 uM 
van Coleg 0 Tem) 774—~ UNITS TO LIE ON SAME 
(8.89 *3:2° mm) i ‘ ! 60 PLANE WITHIN + 5° 
iim 
re Oil @ 
i 
(7 OAD ah 
DIA 710 +040 % 
(4.00 +0.30 mm) -.020 
+.012 
500 _'o10 (18.0 7.00 mm) 
(42,702 emi) 250 + .015 
{6.35 + 0.38mm) 
+.020 
020 _ 20 es). 
CT-9TW (050 7839 mm) 
217 + 016 
500 oS : —.004 ey 
(12.70 mm) (5.50 *545 mm) 1) 
OG 27012 =e 
710 + .030 (2.70 +0.30 mm) = 
(18.0 + 0.76 mm) @ 
La 
+.030 
a __ 4.190.030 ~ 
Lo : (8.89 +976 mm) } (28.70 + 0.76mm) may 
a0) T 
TLL 3 
UNITS TO LIE ON SAME && 
— az PLANE WITHIN + 5° 
157 +.012 ae Pera ~ 
(4.00 +0.30 mm) —.020 
+.012 
POO G46 ne (18.0 1520 mm) 
(1270225 2 min) | 250 +.015 Deviation from center lead 
(6.35 + 0.38mm) at nominal when measured from 
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center lead. 
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SERIES CT & TM 


Multitum Cermet Trimmers 


TM-7 (3 turn) 
Unspecified tolerance: +0.3mm/+0.012 inch 


$2.5, Slot 0.6W X0.7D 


0.098 DIA 
Slot 0.024W x 0.028D 


+0016 
0 004 


TM-7P 


+04 
0.1 


Nl oo 
Top adjustment Filled 
< 
a 
0.276 + 0.008 
$2.5, Slot 0.6W X0.7D 6.9 722 
0.098 DIA 0.272 0.276 * 0.008 


1.8 1.8 
Slot 0.024W X0.028D : @SLIDER 


0.012 


TM-7W 


Top adjustment 


+04 
67.275 4 
+0016 

0 004 


0.059 


- 
co 
N 
So 
< 
a 


3-40.45 SOLDER PLATED 
3-0.018 DIA 


8.470% 6.5+2 8.4 
OSsrcers 
25 


42.5, Slot 0.6W X0.7D 


0.098 DIA 
Slot 0.024W x 0.028D 


0.031 0.012 


T™M-7S 


Side adustment 


25 25 
72s 
O:28g/ =o cre 


@SLIDER @cw 


3-¢0.45 SOLDER PLATED 
3-0.018 DIA 


8.4734 ee 


0.354 + 0.008 
0.126 


= 7a 
[Ng y 


2.5, Slot 0.6W X0.7D 


0.098 DIA 
Slot 0.024W X 0.028D 


TM-7X 


Side adjustment 


+0016 
—0004 


0.283 


3-40.45 SOLDER PLATED 
3-0.018 DIA 
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SERIES 2322-410/483/482/1484 


Single Turn Consumer Grade Trimmers 


RATINGS AND CHARACTERISTICS 


< +300 ppm/°C 
> —500 ppm/°C 


Temperature characteristic of 
resistance: (20° to 70°C) 

For 100 ohm <R <470 ohm 

For 1kohm < R < 2M2 

For R = 4, 7Mohm 

For R< 100 ohm 


Power rating: 


+100 ppm/°C +100 ppm/°C 


+500 ppm/°C 
+300 ppm/°C 
+1000 ppm/°C 


+250 ppm/°C 
.5 watt @ 70°C 


.1 watt @ 40°C .1 watt @40°C .5 watt @ 70°C 


.05 watt @ 70°C .05 watt @ 70°C derated derated 
.025 watt @ 85°C linearly to O watt linearly to O watt 
@125°C @125°C 


Operating voltage: 150 V max 150 V max 250 V max 250 V max 
Isolation voltage: 220 V 220 V 220 V 220 V 


Vibration severity: 10 Hz to 500Hz 10 Hz to 500Hz 10 Hz to 500 Hz, 10 Hz to 500 Hz, 
0.75mm or 98 m/s2 0.75mm or 98 m/s2 0.75mm or 98 m/s? 0.75mm or 98 m/s2 
(whichever is less (whichever is less) (whichever is less) (whichever is less) 


) 
390m/s2-4000 bumps 390m/s2-4000 bumps | 390m/s2-4000 bumps 


Limits of resistance change + (10% R + 0.50hm) +(10% R + 0.50hm) 
(a to c) (after 1000 h electrical +(20% R + 1ohm) 
endurance test) for value 4.7M 


3 to 20 mNm 
ratio max <3 ratio max <3 
min min 


available on request vRnom vRnom vRnom 
[Stain et i a | 


Terminal resistance: < 100 mohm < 2%R or 10 ohm < 0.5%R or 2 ohm < 0.5%R or 2 ohm, 
(whichever is greater) (whichever is greater) (whichever is greater) 


3 to 20 mNm 


2 to 10mNm 
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SERIES 2322-410/483/4821484 


Single Turn Consumer Grade Trimmers 


PACKAGING 
CARBON 


OPEN ENCLOSED OPEN ENCLOSED 
410 483 482 484 


BULK BULK or BULK BULK or 
ANTI-STATIC RAILS ANTI-STATIC RAILS 


MARKING 


OPEN CARBON (410) 
The potentiometer is marked with the rated resis- 


tance value. 

e.g. 220 0hm = 220R 
10 kohm = 10K 
1 Mohm = 1MO 


The rated resistance value is designed in R.K.M. 

code according to IEC 62 with letter (number) 

punches on the wiper or knob. 

The package is marked with: —code number 
—date of production 
—quantity 


ENCLOSED CARBON (483) / CERMET (484) 
The potentiometers are marked with the rated 
resistance value. 
e.g. 2200hm = 220R 
10 kohm = 10K 
1 Mohm = 1MO 
The rated resistance value is designed in R.K.M. 
code according to IEC 62 with letter (number) 
marked with stamping ink on the front side. 
The package is marked with: —code number 
—date of production 
—quantity 


OPEN CERMET (482) 
The potentiometer is marked with the rated resis- 


tance value. 

e.g. 2200hm = 220R 
10 kohm = 10K 
1 Mohm = 1MO 


~ The rated resistance value is designed in R.K.M. 
=. code according to IEC 62 with letter (number) 
3 punches on the wiper. 

3 The package is marked with: —code number 

g —date of production 
“ —quantity 
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SERIES 2322-410 


10mm Open Carbon Trimmers 


HOW TO SPECIFY 


Vv 
Potentiometer 
Code Type 


Without knob 


Flat knob 
Type | 


Rem. 1 


Flat knob 
Type Il 


Rem. 2 


Rem. 1: 
Designed for 
versions: 2322 410 050 


Rem. 2: 

Designed for 

versions: 2322 410011 
033 


Vertical version 


Longitudinal slot 
(raised version) 


Horizontal version 
33 | Plug-in type 
Longitudinal slot 


Vertical version 55 2,2k0 

50 =| Plug-in type 56 4,7kQ 
Longitudinal slot 

57 10kO 

(normal version) 58 99kQ 


V 
Resistance 
Code Version Code Value 
51 1000 
52 2200 


53 
54 


4700 
1kQ, 


59 47kO 


61 100k 
62 220kO 
63 470kO 


64 1MQ 
65 2,2MQ 


66 4,7MQ 
69 3300 
91 470 
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SERIES 2322-410 


10mm Open Carbon Trimmers 


R iS Note: — Surfaces marked with "S” are solderable. 
2322 41 0 011 — Nodimensions for gauging. 


— Dimensions in mm 


max 3.9 


08+02 Design 


longitudinal 


slot 


0.8 + 0.1 


Mounting 


surface 


| 0.2 + 0.05 


de iui is 
25+ 0.2 


Hole pattern 

for P.W. board 

-Pierced component 
hole: 8 1mm 

-P.W.-board thickness 
1.6 +0.24/-0.14 
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1:OrE 012 
0.8 + 0.15 


re} 
aA + 
oO. So 
+H) + 
co} oo 
r| oO 


Design cross slot 


SERIES 2322-410 


10mm Open Carbon Trimmers 


w 
Note: — Surfaces marked with “S” are solderable. 5 ro) Roee GD 
— Nodimensions for gauging. +1) + eet 
: A : co} 2 0.8 + 0.15 
— Dimensions in mm. 22h 2322-410-050 
Design cross slot 
Design We) as (02 
longitudinal 
slot <<Go" aoe Ue 


2e(0)4] 


TOl=z 0M 


Aaa) 


Mounting 
surface at 


-'5.08+0.2 | 


10 + 0.1 


Hole pattern 

for P.W. board 

-Pierced component 
hole: 8 1mm 

-P.W.-board thickness 
1.6 +0.24/-0.14 


Note: — Surfaces marked with 
“S” are solderable 
— No dimensions for gauging. 


— Dimensions in mm. 


Design cross slot 


0.2 + 0.05 


Design 
longitudinal 
slot 


2322-410-033 


LOS 012 


0.9 + 0.05 


Mounting 
surface 


444+0.2/35+0.2 


S4auiulid, yauiag EX 


Hole pattern 

for PW. board 

-Pierced component 
hole: 8 1mm 

-P.W.-board thickness 
1.6 +0.24/-0.14 
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SERIES 2322-410 


10mm Open Carbon Trimmers 


2322-410-450 


Note: — No dimensions for gauging. 
For other data see Appendix A 


2322-410-611 


$11.4+0.2 


2322-410-633 


@11.4+0.2 


These potentiometers offer stable, high quality performance and can be mounted by automatic 
insertion machines. They are designed for video, audio and industrial applications. Versions 


with a knob to facilitate adjustment are available. 
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SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


HOW TO SPECIFY 
Be22. 48a) XG EX 


V 
Resistance 
Code Value 
101 1000 


Ze 2200 
471 4700 


Vv 
Law + Tolerance — Type 
Code PW Tags — Packaging 


Vv 
Potentiometer 
Code Type 
Vertical 
0 Non-Insulated 
Rem.1| cross slot 


Vertical 102 1kO 
1 Insulated pee 2,2k0, 
hexagonal slot 472 4,7kQ 
Vertical LIN +20% 103 10kO 
2 Insulated Snap-in tags 223 22kO, 
cross slot Bulk packaging 473 47kO 


Horizontal LIN +10% 104 100kO, 
5 Non-insulated 3 Snap-in tags 224 220kQ 
cross slot Bulk packaging 474 470kO 


105 1MQ, 
229 2,2MQ 
475 4,7MQ, 


Horizontal 
Insulated 
hexagonal slot 
Horizontal 
Vi Insulated 
cross slot 


LIN +20% 

4 Slide tags 
Bulk packaging 
LIN +10% 

a) Slide tags 
Bulk packaging 
LIN +20% 
Snap-in tags 
Rail packaging 
LIN +10% 

7 Snap-in tags 
Rail packaging 
LIN +20% 
Slide tags 
Rail packaging 


LIN +10% 
Slide tags 
Rail packaging 


Rem. 1: 
No snap-in tags. 


These potentiometers are for preset resistance control with provisions for readjustment. They are 
particularly suitable for use in radio and television receivers. This series includes types for vertical 
and horizontal mounting on printed circuit boards. Snap-in pins and cross slot are available 
on request. 
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SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


2322-483-02.. . thru 09 


Vertical version, non-insulated hot wiper with cross slot. 


9.8 + 0.2* 


= 5 


Contractor 
position 
indicator 


0.8 + 0.05 


Hexagonal 2 + 0.1 
12/0 = 0:2" 


Mounting 
surface 


Slide tags 
+*70'3)== 10:02 
Zo Omwon 


Rem.: Snap-in tags 
available 


2.5 + 0.05 


Dimensions in mm 
For gauging 
Incl. burrs: max. 04. « 1.2 


5.0 + 0.05 


Hole pattern for P.W. board: 

Pierced component hole: @ 1.3 

P.W. board thickness: 1.6 + 0.24 
- 0.14 


Mounting 
surface 


slide tags 


A Ose O02 


Mounting 
surface 


3.6 + 0.2 


Snap-in tags 


Hole pattern for P.W. board: 
Pierced component hole: @ 1.3 
P.W. board thickness: 1.6 + 0.24 


562 


2322-483- 


Vertical version, 
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12.. .to/incl. 19 


insulated cold wiper with hexagonal slot. 


a 
<57* 9.8+0.2 
Contractor 
position 
indicator 


Hexagonal 2 + 0.1 
1 2iOi= Ov2ks 


FeSSaSbeSh 

ERS EREARAR 

BEGEEESerne 
2.5+ 0.05 


5.0 + 0.05 


Dimensions in mm 
* For gauging 


- 0.14 ** Incl. burrs: max. 04. x 1.2 


SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


322-483-22.. thru 29 


rtical version, insulated cold wiper with cross slot. 


9:8 + 0.2* 
SOW 


Contractor 
position 
indicator 


1210GE0:2" 


inting 
‘ace 


ide tags 


2,015 0125" 5 + 0.25 * 


2322-483-52.. thru 59 


Horizontal version, non-insulated hot wiper with cross slot. 


2.5 + 0.05 


<57* Contractor 9:8 4-012 * 
position 
indicator 


5.0 + 0,05 


le pattern for PW. board: 
'rced component hole: @ 1.3 


ae, 


Dimensions in mm 


0.8 + 0.05 


: e S 
nN S HAT y TT 
V. board thickness: 1.6 + 0.24 * For gauging ‘= Bil ~lol +e: 
- 0.14 ** Incl. burrs: max. 04. x 1.2 a * 12 rv) Oo 
x 8 
oO 
4 
ie) 
oO 
ee rt OE 
Slide P.W. tags : 
min. 0.5 
Mounting | 
surface 3.5 + 0.25 


fe 0515 
Snap-in P.W. tags 


5.0 + 0.05 


‘| 0.3 + 0.02* * 
5.0 + 0.05 


5.0 + 0.05 


Hole pattern for P.W. board: 
Pierced component hole: 8 1.3 Dimensions in mm 
P.W. board thickness: 1.6 + 0.24 * For gauging 


- 0.14 ** Incl. burrs: max. 04. x 1.2 
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SERIES 2322-483 


10mm Enclosed Carbon Trimmers 


2322-483-62.. . thru 69 


Horizontal version, insulated cold wiper with hexagonal slot. 


. Contractor 
S57 position 
indicator 


cee 
* 
x + = 
nN = S 
o Fy +1 of 
+ 5 E35) a 
So vu} 
NN} st oS = 
— oO oO ne 
4| + ° 
° ise} es 
6 ° ts) 
aE 
S 
ny a 
Slide P.W. tags 
min. 0.5 
Mounting 
i] 
surface 4 


Snap-in P.W. tags 


hOLS = O10240% 


Hole pattern for P.W. board: 
Pierced component hole: @ 1.3 
PW. board thickness: 1.6 + 0.24 


- 0.14 


5.0 + 0.05 


5.022005 


Dimensions in mm 
* For gauging 
** Incl. burrs: max. 04. x 1.2 


2322-483-72.. .thru 79 


Horizontal version, insulated cold wiper with cross slot. 


Contractor 
position 
indicator 


0.8 + 0.05 


12037012 * 


1 
0:3 = 0102 ** 
10.4204" 


Slide P.W. tags 


Mounting 
surface 


Snap-in P.W. tags 


5.0 + 0.05 


‘| 0.3 + 0.02* * 
5.0 + 0.05 


Hole pattern for P.W. board: 

Pierced component hole: @ 1.3 

P.W. board thickness: 1.6 + 0.24 
- 0.14 


4 ten OF ae 


BERSHAM 
aG 
5.0 + 0.05 


Dimensions in mm 
* For gauging 
** Incl. burrs: max. 04. x 1.2 
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SERIES 2322-482 


10mm Open Cermet Trimmers 


HOW TO SPECIFY 


Vv 
Potentiometer 
Code Type 

Horizontal 
(asymmetric) 
Longitudinal slot 
Vertical 
Longitudinal slot 
Horizontal 


(symmetric) 
Longitudinal slot 


Horizontal 
(asymmetric) 
Cross slot 


‘aoe nea 


Vertical 
Cross slot 
Horizontal 


(symmetric) 
Cross slot 


These potentiometers are for preset resistance control with provision for re-adjustments. They 
are particularly suitable for use in professional apparatus and/or in those applications where 

_ stability is of extreme importance. They are available in versions for horizontal and vertical mounting 
on printed circuit boards. 
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SERIES 2322-482 


10mm Open Cermet Trimmers 


2322 4823... . (Longitudinal slot) 
and 7... . (cross slot) 


Surfaces marked with “S” are solderable. 


Delivery pee ae 


a (OV 


Mounting 


surface 


0.9 + 0.05 
5.08 + 0.2 


Hole pattern for mounting LOE On 


on a printed wiring-board re 7 Note: — Surfaces marked with “S” are solderable. 
Et 2322 4824... (Longitudinal slot) 
= and 8... (cross slot) 


= Design 
sate --4 o actuating 
ARES EEO MR as 
oh 


mes 
SASS as 


ae 
les 


e = 2.54mm 
Hole dia : 1.3 + 0.18mm 
All dimensions in mm 


Design 
actuating 
slots 


S 
+ 
or 
Lo 1+0.1 
a 
rs) 1+01 18+01 
lo) 
S 
+H 
[op) 
° 


OPE 12° 
0.9 + 0.15 


51082502 


Delivery state 


suawmiuny yauisag EX 


e = 2.54mm 


Hole pattern for 
mounting on a printed wiring boas 


Hole dia: 1.3 + 0.13mm 


Dimensions in mm. 


x 
~ 
ra 
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SERIES 2322-484 


10mm Enclosed Cermet Trimmers 


HOW TO SPECIFY 


Vv 
Potentiometer 
Code Type 


Vertical 
Insulated 


Vertical 
Insulated 
cross slot 


Horizontal 
Insulated 


Horizontal 
Insulated 
cross slot 


hexagonal slot 


hexagonal slot 


Law + Tolerance — Type 
Code PW Tags — Packaging 


LIN =20% 
Snap-in tags 
Bulk packaging 


LIN +10% 

Snap-in tags 
Bulk packaging 
LIN +20% 
Slide tags 
Bulk packaging 
LIN +10% 
Slide tags 
Bulk packaging 
LIN +20% 
Snap-in tags 

Rail packaging 
LIN +10% 
Snap-in tags 

Rail packaging 
LIN +=20% 
Slide tags 
Rail packaging 
LIN +10% 
Slide tags 
Rail packaging 


a 


V 
Resistance 
Code Value 
479 470 
689 68¢ ») 


irhese potentiometers offer stable high quality performance and can be mounted by automatic 
insertion machines. They are designed for video, audio, and industrial applications. Versions for 
vertical and horizontal mounting are available. A hexagonal slot version can be provided with a knob 


to facilitate manual adjustment. 
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SERIES 2322-484 


10mm Enclosed Cermet Trimmers 


2322 484 22. . .to/incl. 29... 


Vertical version, insulated cold wiper with cross slot. 


9'8)=2,012% 


Ss 


Contractor 
position 
indicator 


1202-1012 


Mounting 
surface 


slide tags 


** 0:3 410:02 


2522 O25" 6350.25: % 


Mounting 
surface 


2.5+ 0.05 


Sy 
fo} 
+H 
© 


2322 48412...to/incl. 19... 


Vertical version, insulated cold wiper, hexagonal slot. 


laos 
S =) | | 
Rap NAGS | oGanOd 
(gp 
5.0 + 0.05 9.8 +0.2* 
3.7+0.3 ERs 8+0. 


Contractor 


Hole pattern for PW. board: 


: position 
Pierced component hole: @ 1.3 Dimensions in mm indicator 
P.W. board thickness: 1.6 + 0.24 * For gauging 
- 0.14 ** Incl. burrs: max. 04. « 1.2 
3 * 
+ 
ov 3S 
* +H 
fe) ° 
2 s 
x< 
@® 
=e 
Mounting 
surface 
slide tags b 
7ES0:3=3 0102 , 3 J 
2:51 01259 See O25 
Mounting io 
surface 3S 
Sk oO 
N 4H 
oO wo 
+ N 
o 
oO 
Snap-in tags 
5.0 t 0.05 
Hole pattern for P.W. board: 
Pierced component hole: @ 1.3 Dimensions in mm 
PW. board thickness: 1.6 + 0.24 * For gauging 
- 0.14 ** Incl. burrs: max. 04. x 1.2 
568 
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SERIES 2322-484 


10mm Enclosed Cermet Trimmers 


2322 484 72.. thru79... 


Horizontal version, insulated cold wiper with cross slot. 


Contractor 
position 
indicator 


* 

+ s 
N (=) 
ro) a OR 
+H r=) 
° a] 
Nj °o 
=| 3 So 

+H H 

o o 

N ey 

% } SST SE) Te TTS 

one soe! Ltd oe 

Slide P.W. tags 


a Fes * 6 
{1.1 0.1) 
5 + 0.25* 
min. 0.5 


3.5 £0.25 Hole pattern for PW. board: 
Pierced component hole: @ 1.3 


N P.W. board thickness: 1.6 + 0.24 
S - 0.14 
D 
fo 


Mounting 
surface 


def Os 
Snap-in P.W. tags 


2322 48462.. thru69... 


‘| 0.3 + 0.02* * 


+ 0.4* 


120+0.2* 


| > 62.4 


0.3 + 0.02 * 
1 


at 
BS a a 
2a Slide P.W. tags 
tS 
cS) H+ min. 0.5 
re HL Ee Mounting 
eo} TH fated surface 3.5 + 0.25 
Perle a cy 
Ht | LH 
n wan 1.7+0.15| | |% 
Ss) HO ae Snap-in P.W. tags \ 
= rs 2 
+ He 
oO 
wo 


Soe 
5.0 + 0.05 


Dimensions in mm 
* For gauging 
** Incl. burrs: max. 04. x 1.2 


0:3 ta 01025 = 


Hole pattern for P.W. board: 

Pierced component hole: g 1.3 

P.W. board thickness: 1.6 + 0.24 
- 0.14 
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Horizontal version, insulated cold wiper with hexagonal slot. 


Contractor 
position 
indicator 


9.8 + 0.2* 


On 


Hexagonal 


5.0 + 0.05 


S4auiuiy yauseag ERS 


5.0 + 0.05 


Dimensions in mm 
* For gauging 
** Incl. burrs: max. 04. x 1.2 
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Non-Linear Resistors 
QUICK REFERENCE INDEX 


METAL OXIDE VARISTORS: UL FILE #E 98144 VDE FILE #14480-4790-1001/AIF 


Philips Maximum 
Components Size Range R.M.S. Insulation Non-Repetitive 
Series Inches (mm) Working Voltage DC Voltage Voltage Transient Current Page 
592 thru 596 .276 to .945 14 to 550 18 to 745 2500V 50-6500A 573-594 
(7 to 24) 


NTC Thermistors 


Operating 
Philips Resistance B-Value Maximum Thermal+ Temperature 
Components Style and Range 25°C-85°C Dissipation Time Constant Range 
Series Size Range 25°C (ohms) °K (watts) (seconds) (°C) 


LEADLESS 4 to 33 2800 to 3250 
DISC 


610-1 RADIAL 4 to 33 2800 to 3250 
LEADS 


i 
Boe 
7 Bash 


626-1 GLASS PROBE 1,000 to 2075 to 4100 .100 
HIGH TEMP 1,000,000 
626-2 GLASS PROBE 1,000 to 2075 to 4100 100 
HIGH TEMP 1,000,000 
633-0 MINIATURE 1,000 to 2075 to 4100 025 
BEADS 1,000,000 
RADIAL LEADS 
633-1 MINIATURE 1,000 to 2075 to 4100 025 
BEADS 1,000,000 
AXIAL LEADS 
633-2 GLASS PROBE 1,000 to 2075 to 4100 —55 to +200 
1,000,000 
640-6 RADIAL LEADS 2,700 to 3977 to 4570 .250 —40 to +150 
470,000 
640-9 STEEL HOUSING 2,700 to 3700 to 3997 .250 285.0 —25 to +130 
12,000 
642-6 RADIAL LEADS 3.3 to 2675 to 4125 .500 
2,200 
642-7 ALUMINUM 3.3 to 2675 to 4125 .500 
HOUSING 2,200 
644-9 CURRENT 2.5 to 82 2975 to 4650 2.5 to 115 to =29 to +199 
LIMITING 7.4 148 


0 
BS) 
ie) 
BS) 
0 
0 
ao) 
5 


645-0 RADIAL 5,000 to 3965 .100 8. —40 to +150 
LEADS 10,000 


t+Thermal Time Constant: The time (in seconds) required for a thermistor to change 63.2% of the total difference between its initial and final body 
temperature, when subjected to step-function change in temperature under zero-power conditions. 


PTC Thermistors 


Philips Resistance Switch 
Components Style and Range Temperature Maximum 
Series Size Range 25°C (ohms) °C Voltage 


RADIAL 5 to 250 80 to 150 25 VDC 
LEADS 
661 RADIAL 30 to 50 25 to 110 50 VDC 
LEADS 
662 RADIAL 36 to 120 75 to 115 265 VRM 3 653 
LEADS 
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Non-Linear Resistors 
QUICK REFERENCE INDEX 


Philips Resistance Peak Inpush 
Components Style and Range Current Rated Coil Residual Current 
Series Size Range 25°C (ohms) (A) Resistance at 180 seconds Page 
§62-96 DUAL 8 to 43 5.0 to 20.0 140 to 265 15 MA to 0.5 MA 655 
DEGAUSSER VRMS 6.2 ohms 
to 25 ohms 


Philips Resistance Switch 
Components Style and Range Temperature Trip Non-trip 
Series Size Range 25°C (ohms) (°C) Current Current 


CURRENT 1.0 to 120 56 to 24 mA to1360 mA 
OVERLOAD 1900 265 VRMS 
12 mA to 
68 omA 
OVER 30 to 70 to 150 25 VDC 
TEMPERATURE 250 (10°C 
MOCnieteS: 
680-04 HEATER 160 to 220 145 to 
ASSEMBLIES 265 VRMS 
680-93 HEATER 115 to 245 145 to 
CERAMICS 265 VRMS 


HUMIDITY SENSOR 


Philips Capacitance at 
Components 25°C, 43% RH, Sensitivity Maximum Humidity 
Series 100 KHz 33 to 43% RH Voltage Range Page 
122 PF + 15% 0.4 + .05 PF/ 15 AC/DC 10 to 90% 
9. RH 
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METAL OXIDE VARISTORS 


Zinc Oxide Voltage Dependent Resistor 
U.L. File #E98144 VDE File #14480-4790-1001/A1F 


DESCRIPTION 


GENERAL 

V(oltage) D(ependent) R(esistor)—varistors—have 
a high degree of non-linearity between resistance 
value and applied voltage. This characteristic is 
created by non-homogeneous metal oxide mate- 


rials selected for rectifying action at the interface Termination Strength 

of two crystals. The electrical characteristic of Tensile strength — 2.25 Ib (10 N) 
the component is the product of a large number Bending 1.12 Ib (5 N) 
of these interstitial junctions, forming a complex Flammability Nonflammable 


network of series and parallel rectifying junctions. 


The Philips Components product line uses ZnO 
(with doping) as the element material. ZnO offers 
much sharper V-I curves than other commonly 
used materials. 


PHYSICAL 
A disc of low beta metal oxide ceramic with two 
solid tinned copper wires. ZnO’s are epoxy coated. 


ELECTRICAL DATA, see also Table 1 and subsequent 
curves. 
Climatic category 40/125/56 
Insulation voltage 2500 V 
Temperature coefficient of voltage 

at 1 mA —0.065%/"C 
Derating (see Fig. 31.) 


Mounting 
Series 592 thru 595 available on Tape & Reel. 
Series 592 and 593 available on Ammo Pack 


Soldering 
Solderability max. 240°C, max. 4s 
Resistance to heat max. 265°C, max. 11s 


Impact 
free fall 39.4" (1000 mm) 


5 
; 
CG 
5" 
® 
& 
Pe ) 
1) 
2 
y 
; 
7) 
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METAL OXIDE VARISTORS 


INTRODUCTION TO METAL OXIDE 
VARISTORS 


Metal Oxide Varistors, also called V(oltage) 
D(ependent) R(esistors), show a high degree of 
non-linearity between their resistance value and 
the applied voltage. They are made of non- 
homogeneous material giving a rectifying action 
at the contact of two particles. The electrical 
characteristic of the conglomeration is deter- 
mined by a large number of crystal contacts 
which form a complicated network of series and 
parallel rectifying contacts. 

These resistors have found a diversity of appli- 
cations in the different sectors of electronics. 
They offer an inexpensive and reliable solution 
for protection of electronic circuits, semiconduc- 
tor components, collectors of motors, relay con- 
tacts, etc. against over-voltages and their 
consequences. 


MANUFACTURING PROCESS 


Crystals of metal oxides, with the right electrical 
and dimensional properties are pressed together 
with a ceramic binder to the shape of discs. After 
a drying period the varistors are sintered at a 
high temperature. Firing time, temperature and 
gaseous atmosphere have an important influ- 
ence on the electrical characteristics. The con- 
tacts are metallized with silver enabling good 
electrical contact. After leads have been sol- 
dered to the contacts the varistors are epoxied 
and laser marked. 

During and after the manufacturing process the 
electrical properties are controlled not only to 
ensure that the varistors are within the specifica- 
tion but also to control stability and reliability. 
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ELECTRICAL PROPERTIES 

Direct Current 

he relation between voltage and current of a 
varistor can be approximated by: 

V=C Ip 

here V is the voltage in volts, | the current in 
amperes and C and 8 are constants. This equa- 
tion is illustrated in Fig. 1. In principle the same 
haracteristic is plotted for a specific type on a 
double logarithmic scale in Fig. 2. For not too 
small values of current this relation is a straight 
ine which follows directly from the equation log 
= log C + B log I. In this case 8 is the direc- 
Honal coefficient of the straight line. 


V 


—» ! 


Fig. 1 Shape of the voltage/current characteristic of a varistor when plot- 
| ted on a linear scale. 


iat 
PH Ht el 


SSS 8 pastes aie eet ete tetey tte rested camoaman 
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| a lt > 01 Ol 1 Cea fa ow 
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tt 
10 aiid ati tt 


| scale. 


In order to determine the exact values of the 
constants C and 8 it is necessary to measure 
three points of the characteristic. Only when 
hese are on a straight line when plotted on a 
double logarithmic scale, is extrapolation permit- 


Fig. 2 Voltage/current characteristic of a varistor plotted on a logarithmic 
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METAL OXIDE VARISTORS 


ted (only to higher values). 


Equation (1 
also be written: * dss 


limiee)ic (2) 
in which: 
CR Fi/6 (3a) 
and 
Sop aula 
Giipt eee oe 


The varistors do not have a polar effect; this means 
that when the voltage is changed from positive 
to negative, the current changes its direction, 
but retains its value. Strictly speaking, Eqs (1) 
and (2) are valid only when the absolute values 
are taken for | and V. In a.c. calculations this may 
be very important. For practical design, reference 
is made to the voltage/current characteristics 
given in the data sheets of the relevant varistor 
types. 


Practical values and specification 

The C and £-values of varistors depend on the 
composition of the material and on the method 
used in the processing; furthermore, the C-value 
depends on the shape and the dimensions of 
the varistor. Practical B-values are B = 0.02 to 
0.035. 

It is inherent to the material properties that the 
B-value of a varistor with a low C-value will 
always be higher than that of a varistor with a 
high C-value. Practical C-values range from 14 
to a few thousand. As the method of fabrication 
compels a minimum thickness and, as will be 
seen further, enlarging of the surface area gives 
little change in the C-value, the latter has for 
practical reasons a limited lowest value. 


According to Eq. (1) it is possible to specify the 
electrical characteristics of a varistor by giving its 
C and B-values. The advantage of this specifica- 
tion is that only two parameters are used. The 
disadvantage is, however, that due to the 
inevitable tolerances on the B-values, the 
spread in voltages at low currents (in the work- 
ing area) becomes very large. It is for this rea- 
son that the method of specifying by the C-value 
defined at 1 A is abandoned and we now specify 
the voltage across the varistor at currents which 
lie in the working area (1, 10 or 100 mA instead 
of 1 A). In this way it is possible to supply varis- 
tors which have much closer tolerances in the 
area where they are used, see Fig. 5. 
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Varistors in series 
For each varistor we can write the equation: 
V= Cle) (1) 
When n equal elements are connected in series 
and a voltage of n times the original voltage is 
applied, the current will be the same as for V 
volts over one varistor. Consequently we may 
write for a series circuit of n varistors: 


AV = Colts: (4) 
From Eqs (1) and (4) it is evident that, 
C'=nC, (5) 


which means that the C-value of a varistor can 
be increased by series connection. 


Varistors in parailel 


For one varistor again we have: 
Vi=Clp: (1) 


When n of these varistors are connected in par- 
allel and the same voltage V is applied, the cur- 
rent in each varistor will still be the same. The 
total current in the circuit will be nl. This gives 
the following equation: 

ON Oa (a) EY (6) 
From Eqs (1) and (6) it follows: 

Oita (7) 

np 

As varistors have a B-value from 0.02 to 0.40, it 
is clear that the C-value will decrease very little 
by connecting two or more elements in parallel. 
When, e.g. B = 0.20, 32 varistors are needed for 
a 50% reduction of the C-value. It is important 
that in parallel circuits all varistors have about 
the same B and C-values, otherwise the current 
division will very much depend on the voltage 
across the circuit. 
Note: On no occasion may a varistor be con- 
nected in parallel with the aim of obtaining 
higher power dissipation. 
Resistance value 


When defining R as usual as the quotient of volt- | 


age and current, we find: 


R=V=CipB= C (8) 


| | [1-B 
or when starting from the form | = (V)@: 
R=V= V = CO (9) 
| ya yar 
Ca 


From these equations it is once more evident 
that the resistance value is not a constant one, 
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but is very much dependent on the values of 
voltage and current. 


Dissipated power 
The power dissipated in a varistor is equal to the 
product of voltage and current, so it may be written: 
W =!lV= (Ye Ve Vor (10) 
C Ca 
When the coefficient a = 5, the power dissipated 
by the varistor is proportional to the 6th power of 
the voltage. A voltage increase of only 12% will, 
in this case, double the dissipated power. 
Consequently it is very important that the 
applied voltage does not rise above a certain 
maximum value, as otherwise the permissible 
rating will be exceeded. 
In addition, since varistors have a negative tem- 
perature coefficient, at higher dissipation (and 
accordingly higher temperature) the resistance 
value will decrease and the dissipated power will 
increase still more. 


Temperature coefficient 
In the foregoing formulae no temperature effects 
have been taken into account. These, however, 
may not always be neglected, as the C-value 
has an appreciable negative temperature coeffi- 
cient. The B-value is practically independent of 
the temperature. With good approximation it 
may be written: 

C, = C, (1 + at), (11) 
in which: 
C, = C-value of the varistor at t °C; 
Cy) =C-value of the varistor at 0 ‘C; 
a =temperature coefficient. 
For different materials the value of a lies 
between —0.0010 and —0.0018. Thus, for circuits 
where the current is constant, the temperature 
coefficient on voltage lies between —0.10 and 
—0.18% per degree C. 
For circuits where the voltage is constant the 
temperature coefficient on current lies between 
+0.4 and +0.8% per degree C, depending on the 
B-value. 
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High frequency alternating current 

For low frequencies the small capacitance of the 
varistor does not affect the voltage dependency 
of the resistance. For high frequencies, how- 
ever, this parallel capacitance may not be 
neglected. For low voltages and currents they 
may even determine the impedance of the varis- 
tor. At high voltages, the influence of the capac- 
itance is less serious; because in that case the 
resistance over which this capacitance is 
shunted has decreased. In general the effect of 
the capacitance in h.f. circuits will be an appar- 
ent increase of B. Furthermore the voltage/cur- 
rent graph on a logarithmic scale will no longer 
by a straight line. 

A number of curves demonstrating this effect are 
given in Fig. 3. 
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Fig. 83 Voltage/current relation for different frequencies. 
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PERMISSIBLE DISSIPATION 

The temperature which a varistor will reach is 
determined by the dissipated power, the heat 
conductivity of the material, the contact with, and 
the nature of, the surrounding medium and by 
the ambient temperature. As already explained 
the dissipated power will increase rapidly with 
increasing voltage. 

The cooling per degree Celsius, though increas- 
ing slightly with temperature, depends mainly on 
the total surface area of the varistor. 

For most varistor types the maximum permissi- 
ble body temperature is 125°C. 


7245450 
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ZINC-OXIDE VOLTAGE DEPENDENT 
RESISTORS 
Unlike SiC types, the ZnO varistors are mainly 
intended for applications requiring intermittent 
power dissipation, i.e. transient suppression and 
contact arc prevention. In their transient sup- 
pression role, the symmetrical mode of opera- 
tion allows them to be connected directly across 
a.c. power lines carrying r.m.s. voltages. They 
are capable of withstanding voltage or current 
pulses with a high peak energy level. A typical B 
for this type of varistor is 0.03. This means that, 
if the current through the varistor increases by a 
factor of 10 within the straight-line portion of the 
characteristic, the voltage across it increases by 
a factor of 1.07. 
A typical V/I characteristic for one of these varis- 
tors is shown in Fig. 4. The upward turn of the 
characteristic (decreasing non-linearity) is due to 
the increasing influence of the linear series 
resistance of the component as its non-linear 
resistance falls to very low values at extreme 
currents. A good approximation of the relation- 
ship between the voltage and the current in the 
curved portion of the characteristics is given by 
the expression: 

V=CIB +1Rg, 
where Rs is the series resistance of the varistor. 


7274102.2 


2000 


voltage 
(V) 


100 
10-1074 fo=2 fo-2 10-7) 1 10 102 103 104 
current (A) 


Fig. 4 Typical V/| characteristic of ZnO varistor 2322 595 52516 for 220 V 
mains supply. 
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Normal operating conditions of the ZnO 
varistor 

Owing to the extreme nonlinearity of the volt- 
age/current characteristic of ZnO varistors, and 
the necessity to allow a margin for the extra dis- 
sipation during a transient, ensure that the max- 
imum voltage applied across the varistor during 
normal operation never attains such a value that 
the specified average dissipation limit of the 
varistor is approached. This will never be a prob- 
lem if the varistor is selected according to the 
figures for max. r.m.s. voltage in the data sheet. 
The peak value of the sinusoidal voltage applied 
to the varistor must always be less than the min- 
imum voltage specified at 1 mA. If the applied 
voltage is other than sinusoidal, the varistor 
should be selected on the basis of the specified 
maximum peak working voltage. 
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HOW TO MEASURE VARISTORS 

The following points have to be considered 

when measuring varistors. 

1. Use only d.c. voltage. 

2. Keep the measuring time as short as possi- 
ble. Self-heating effects may influence the 
measurements due to the negative tempera- 
ture coefficient of the varistors. 

3. When the varistors are specified at a voltage 
and current which is above the maximum dis- 
sipation, pulses should be used. For instance 
all zinc oxide types, which are for spike/tran- 
sient suppression are measured under pulse- 
conditions. These types are measured with a 
standard pulse current 8/20 us as defined in 
IEC 60-2, section 6. 

4. The B-value measurement needs some expla- 
nation. As mentioned earlier the 8-value is 
not always constant but depends on the volt- 
age and current. The B-values of our discs 
are measured between 0.3 | and 3 |, where | 
is the current at which the varistor is speci- 
fied. For example: 


B =log ra with V2 = voltage at 3 |, 


V1 = voltage at 0,3 |. 


TOLERANCES 

Standard varistors are specified with a certain 
tolerance on voltage and a spread on B-value. It 
can be seen in Fig. 5 that due to the spread in 
B-value the tolerance on voltage may increase 
at currents other than the specified current at 
which the varistor is measured. 

For some applications, where tolerances have to 
be kept as low as possible, the varistors are 
measured at a current or voltage which lies near 
to its working point in the circuit. For other appli- 
cations, especially spark suppression, it is often 
important to specify the varistor at two points: a 
point at low current or low voltage and a point at 
high current or high voltage. 


Fig. 5 Spread of voltage/current characteristic due to 6-tolerance. 
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Table 1. Metal Oxide Varistor Performance Characteristics 


Maximum 
Continuous 
Voltage 
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Part Number 
“See Table 6 


2322-592-51406 
2322-593-51406 
2322-594-51406 
2322-595-51406 
2322-596-51406 


2322-592-51706 
2322-593-51706 
2322-594-51706 
2322-595-51706 
2322-596-51706 


2322-592-52006 
2322-593-52006 
2322-594-52006 
2322-595-52006 
2322-596-52006 


2322-592-52506 
2322-593-52506 
2322-594-52506 
2322-595-52506 
2322-596-52506 


2322-592-53006 
2322-593-53006 
2322-594-53006 
2322-595-53006 
2322-596-53006 


2322-592-53506 
2322-593-53506 
2322-594-53506 
2322-595-53506 
2322-596-53506 


2322-592-54006 


2322-593-54006 
2322-594-54006 
2322-595-54006 
2322-596-54006 


2322-592-55006 
2322-593-55006 
2322-594-55006 
2322-595-55006 
2322-596-55006 


2322-592-56006 
2322-593-56006 
2322-594-56006 
2322-595-56006 
2322-596-56006 


2322-592-57506 
2322-593-57506 
2322-594-57506 
2322-595-57506 
2322-596-57506 


2322-592-59506 
2322-593-59506 
2322-594-59506 
2322-595-59506 
2322-596-59506 


2322-592-51316 
2322-593-51316 
2322-594-51316 
2322-595-51316 
2322-596-51316 


2322-592-51416 
2322-593-51416 
2322-594-51416 
2322-595-51416 
2322-596-51416 


Maximum 
Clamping Voltage 
at Cuurent 
(8 x 20 ,.$) 


Maximum 


Energy 
(10 x 1000 ,.$) 


Maximum 
Non-Repetitve 
Surge Current 

(8 x 20.) 


Typical 
Capacitance 
at 1 KHz 


Maximum 
Continuous 
Voltage 


Part Number 
“See Table 6 


2322-592-51516 
2322-593-51516 
2322-594-51516 
2322-595-51516 
2322-596-51516 


2322-592-51716 
2322-593-51716 
2322-594-51716 
2322-595-51716 
2322-596-51716 


2322-592-52316 
2322-593-52316 
2322-594-52316 
2322-595-52316 
2322-596-52316 


2322-592-52516 
2322-593-52516 
2322-594-52516 
2322-595-52516 
2322-596-52516 


2322-592-52716 
2322-593-52716 
2322-594-52716 
2322-595-52716 
2322-596-52716 


2322-592-53016 
2322-593-53016 
2322-594-53016 
2322-595-53016 
2322-596-53016 


2322-592-53216 
2322-593-53216 
2322-594-53216 
2322-595-53216 
2322-596-53216 


2322-592-53816 
2322-593-53816 
2322-594-53816 
2322-595-53816 
2322-596-53816 


2322-592-54216 
2322-593-54216 
2322-594-54216 
2322-595-54216 
2322-596-54216 


2322-592-54616 
2322-593-54616 
2322-594-54616 
2322-595-54616 
2322-596-54616 


2322-594-55116 
2322-595-55116 
2322-596-55116 


2322-594-55516 
2322-595-55516 
2322-596-55516 


Maximum 
Clamping Voltage 
at Cuurent 
(8 x 20 S$) 


Maximum 
Energy 
(10 x 1000 ..$) 


*For composition of the catalogue number, see Table 6 


Maximum 
Non-Repetitive 
Surge Current | Capacitance | 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 ° (817) 325-7871 *« FAX: (817) 325-1052 


METAL OXIDE VARISTORS 


Electrical characteristics 

Varistor characteristics are measured at high 
currents and high energy levels using an expo- 
nentially decaying waveform, as shown in Fig. 6, 
representative of lightning surges and the dis- 
charge of stored energy in reactive circuits. Based 
on CECC recommendations, the standard wave- 
form used for current and voltage rating measure- 
ments has a virtual front duration of 8us and an 
impulse duration of 20 us. It is therefore called 
the 8/20. waveform. 

For energy rating measurements, a longer dura- 
tion waveform (the 10/1000 zs waveform) having 
exactly the same format as Fig. 6 is used. 
Voltage-current characteristics for each varistor 
series are shown in Figs. 7 to 20. 
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Fig. 7 
V-| characteristics, 592 series, 14 to 25 V 
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V-| characteristics, 592 series, 30 to 40 V 
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Zinc Oxide Disc 
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V-| characteristics, 593 series, 30 to 40 V 
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V-| characteristics, 593 series, 50 to 460 V 
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Zinc Oxide Disc 
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V-| characteristics, 595 series, 14 to 25 V 
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Fig. 15 
V-I| characteristics, 594 series, 50 to 550 V 
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Zinc Oxide Disc 


595 SERIES (C) 
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Zinc Oxide Disc 


a a ee EE eS 
MAX. APPLICABLE TRANSIENT CURRENT AS A FUNCTION OF IMPULSE DURATION 
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MAX. APPLICABLE TRANSIENT CURRENT AS A FUNCTION OF IMPULSE DURATION 
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Fig. 25 Max. applicable transient current as a function of impulse 


duration, 594 series, 14 to 40 V 


594 SERIES (B) 


impulse duration (ys) 


Fig. 26 Max. applicable transient current as a function of impulse 
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Zinc Oxide Disc 


MAX. APPLICABLE TRANSIENT CURRENT AS A FUNCTION OF IMPULSE DURATION 


595 SERIES (A) 
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Fig. 27 Max. applicable transient current as a function of impulse 
duration, 595 series, 14 to 40 V 
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Fig. 29 Max. applicable transient current as a function of impulse duration, 
596 series, 14 to 40V 
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Fig. 28 Max. applicable transient current as a function of impulse 
duration, 595 series, 50 to 550 V 
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Fig. 30 Max. applicable transient current as a function of impulse duration, 
596 series, 50 to 550V 
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Zinc Oxide Disc 
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Fig. 31 Derating of max. DC or RMS working voltage with temperature. 


MECHANICAL DIMENSIONS: 


; 
max 
Figure 32B Kinked Lead 
Table 3 Maximum thickness (T) in inches (mm) from Table 2 
0.162 (4.1) 0.173 (4.4) 
0.165 (4.2) 0.181 (4.6) 
0.173 (4.4) 0.189 (4.8) 
0.181 (4.6) 0.197 (5.0) 
0.193 (4.9) 0.213 (5.4) 
0.209 (5.3) 0.232 (5.9) 
0.228 (5.8) 0.260 (6.6) 
0.232 (5.9) 0.260 (6.6) 
0.236 (6.0) 0.260 (6.6) 
Figure 32A Straight Lead - 0.272 (6.9) 
= 0.276 (7.0) 
+ 
max 
| SERIES [0 (MAK) |T (MAX) | (MAK)| L(MIN) [D (10%) | OF 
592 | 0.276 | 0.236 | 0.355 | 0.787 | 0.024 |, 497 +0.315 
=" —0.008 
(7) (6.0) (9) (20) (0.6) 5) (+0.8) 
Ag 0.12 Ch =02) 


593 | 0.354 | 0.236 | 0.433 | 0.748 | 0.024 0.197 +0.315 
; —0.008 
(9) (6.0) (11) | (19) (0.6) (5) (+0.8) 
(—0.2) 
594 | 0.531 | 0.276 | 0.610 | 0.669 | 0.032 [0.300 +0.039 
(13.5) | (7.0) | (15.5) | (17) (0.8) (7.62) (+1) 
i 595 | 0.669 | 0.276 | 0.748 | 0.630 | 0.032 |0.300 +0.039 
(17) (19) (16) | (0.8) (7.62) (+1) 
596 | 0.945 | 0.276 | 1.004 | 1.000 | 0.032 |0.300 +0.039 
(24) (7.0) | (25.5) | (25.4) (0.8) (262) 7} 


Dimension ‘T’ dependent on RMS Voltage rating (see Table 3) 


ri 8 


Figure 32C Flanged Lead 
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Boy (+ 0.1) 


(- 0.2) 


.079 + .004 
- .008 


(22.5) .885 
14.016 


.709 (356) max 


1.654 + .039 
(42) + (1) 


Fig. 33C Flanged Lead 


Fig. 33D Reel Dimensions 
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Table 4. Dimensions in inches (mm) for Figures 33A, B, C 


Dimensional Data 


Details Symbol Nominal Tolerance Remarks 
|) sootabie2 LAIR 1 aN 
PRs isectatio 3. NA 
ee | el a 
red Came 


Lead wire diameter see table 2 


Pitch of components jie 
Feed hole pitch (i227) 
.500 


cumulative pitch error 
a, (+1 mm) 20 pitches 
(3.81) (+0.7) guaranteed between 
51519) +.028 component and tape 
(Eades) 
+051 
see table 2 guaranteed between 
component and tape 


W (18) (-1/=0%5) 
109 +.039/—.020 
Pied 
2) 


Feed hole centre to lead centre 
Component alignment 


Wes ae 
W, (9) (+0.5 
hey! +079 


Hold down tape position W .118 (3) max. 
2 


Distance component to tape centre H (20) (+ 
On +079 
Lead wire clinch height Ho (18.25 or 16) (0.5) see table 5 
19 or .630 +.020 
Free hole diameter (4) (+0.2) 
N57 +008 
tape (0.5+0.1) 


Total tape thickness t (0.9 max.) 
.035 
.020+.004 


AQL: mechanical Level i ia eae 


with cardboarded 
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Table 5. Packaging Configurations 


reel 


reel 


reel 
reel 


bulk 


bulk 
bulk 


1500 
1500 
500 
250 


reel 


reel 
reel 


reel 
reel 


7501 
250 


7501 
100 


03006 to 01716 
595. [53006 to 51716 


02316 to 05516 
52316 to 55516 


fig. 33A 
fig. 33C 


H ginches (mm) 
See table 4 
( 


630 (1 


Table 6. Metal Oxide Varistor Part Number Definition 


2322 = 
ae 
Philips Varistor 
Product Disc Size 
592= 5mm 
593 = 7mm 
594 =10mm 
595 = 14mm 
596 = 20 mm 


* Series 594, 595 are only available as type 0 and 5 
*Series 596 only available as type 5 
+See Tape and Reel Dimensions 


750 
aie 
Maximum Continuous 
RMS Voltage 
140 = 14V 750= 75V 301 = 300V 
170=17V 950= 95V 321 = 320V 
200 = 20V 131 = 130V 381 = 385V 
250 = 25V 141 = 140V 421 = 420V 
300 = 30V 151 = 150V 461 = 460V 
350 = 35V 1711 75V 511 =510V 
400 = 40V 231 = 230V 551 = 550V 
500 = 50V 251 = 250V 
600 = 60V 2/1=275V 
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*Packaging/Lead Type 
0 =T & R/Straight 
1,2 =T & R/Flange t 
3,8 = T & R/Kinked + 
5 = Bulk/Straight 
6 = Bulk/Kinked 
7 = Bulk/Flange 


6 


—- 


Ochre 
Epoxy Coating 
6 = Ochre Epoxy Coating 
**7 = Ammo Pack Tape & 
Ochre Epoxy Coating 


**Only available for 592 & 593 Series 
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Table 7. Test Results 
Notes 1. Clause numbers of tests and performance requirements refer to CECC 42000 
2. Inspection levels and AQL’s are selected from IEC Publication 410. 
3. In this table: p = periodicity (in months) 
n = sample size 
c = acceptance criterion (permitted number of defectives) 
D = destructive 
ND = non-destructive 


4eauly-uoN 00 | 


| 


SISD, 


$40} 


592 


4. The varistors shall be mounted by their normal means in such a manner that there shall be no parasitic vibration. 


Clause number and test 


(see note 1) 


GROUP A INSPECTION 
(lot-by-lot) 

Sub-Group A1 

4.2.1. Visual examination 
4.2.2. Marking 


Sub-Group A2 
B2.6 Protection level 
4.3. Voltage 


Sub-Group A3 
4.2.3. Dimensions (gauging) 


GROUP B INSPECTION 
(lot-by-lot) 


Sub-Group B1 
4.11. Robustness of terminations 


4.10.1. Solderability 


x.x. Solvent resistance of coating 
and marking 


Sub-Group B2 
47. Voltage proof 


Conditions of test Performance requirements 


(see note 1) (see note 2) (see note 1) 


1.0% 
As in 4.2.1. 
As in 4.2.2. 
0.65% 
At class current given in As specified in table 2 
table 2 
Ati mA Values given in table 2 


ND 1.0% 
D and T As specified in tables 1 and 2 


2.5% 
Test Ua and Ub of IEC 68-2-21 
Visual examination As in 4.11.6. 
Voltage at 1 mA Within the values given in table 2 
Solder bath method: The terminations shall be 
235+5°C uniformly tinned 
Visual examination No visual damage 
IEC 68-2-45 (1980) Legible marking 
Test Xa 
Solvent: 3.1.1. 
Temperature: 23+5°C 


1.0% 
Method: metal balls As in 4.7.3. 
(4.7.1.2.) 2500 V 
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Sample size 
and criterion 
of acceptability | Performance requirements 


Clause number and test Conditions of test 


(see note 1) (see note 1) (see note 3) (see note 1) 


GROUP C INSPECTION 
(periodic) 

Sub-Group C1 

x.y. Maximum surge current 


Sub-Group C2 
x.z. Maximum peak current 


Sub-Group C3 


4.6. Capacitance 


4.10.2. Resistance to soldering heat 


4.12. Rapid change of temperature 


4.14. Shock 


4.17. Climatic sequence 
— Dry heat 
— Damp heat, cyclic, first cycle 
— Cold 


— Damp heat, cyclic, remaining cycles 


— Final measurement 
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100 pulses 8/20 us at 2 per 


min in one direction 
Visual examination 
Voltage at 1 mA 


100 pulses 10/1000 pus in one 


direction, 1 every 2 min 
Visual examination 
Voltage at 1 mA 


7 specimens 
f = 1 kHz 
Signal level 1 V max 
Zero bias 


Method Tb of IEC 68-2-20A 


Visual examination 

Voltage at 1 mA 

Test Na of IEC 68-2-14 

Ta: Lower category 
temp.: —40°C 

Tb: Upper category 
temp.: 125°C 

Visual examination 

Voltage at 1 mA 


6 specimens 
Pulse shape: half sine 


Acceleration: 490 m/s2 
Pulse duration: 11 ms 
3 x 6 shocks 
Visual examination 
Voltage at 1 mA 

All specimens 


Visual examination 
Voltage at 1 mA 
Voltage proof 


No visible damage 


A VIN: = 10% max. 


No visible damage 


A V/V: = 10% max. 


As given in table 2 
with = 50% 


As in 4.10.2.4. 
A V/V: = 5% max. 


As in 4.12.4 
A VIN: = 5% max. 


As in 4.14.3 
A V/V: = 5% max. 


As in 4.16.9.1 
A V/V: = 5% max. 
As in 4.7.3. 
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Sample size 
and criterion 
Clause number and test Conditions of test of acceptability |} Performance requirements 


(see note 1) (see note 1) (see note 3) (see note 1) 


Sub-Group C4 
4.20. Endurance at upper category 1000 h at 85°C and at max. 
temperature rm.s. voltage 

Examination at 48 h, 500 h 
and 1000 h 
Visual examination As in 4.20.5.1. 
Voltage at 1 mA A V/V: = 5% max. 
Examination at 1000 h 
Voltage at class current 1,1 x the initial limits 
Voltage proof As in 4.7.3. 


GROUP D INSPECTION 
(periodic) 
Sub-Group D1 
4.17. Damp heat, steady state 4 specimens 
No applied voltage 
Other 4 specimens 
Applied voltage: 10% of the 
max. d.c. voltage 
Visual examination As in 4.17.3.1. 
Voltage at 1 mA A V/V: = 5% max. 
Voltage proof As in 47.3. 


Sub-Group D2 

4.2. Dimensions (detail) As specified in table 1 and 2 
4.5. Temperature coefficient of voltage --0.065%/°C 

Sub-Group D3 


4.18. Inflammability Test IEC 695-2-2 
Needle flame test 10 s—vertical 
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INTRODUCTION 

The word “Thermistor’ is a contraction of “thermal 
resistor,” a resistor which changes its resistance 
with changes in temperature. The NTC Thermistor 
has a Negative Temperature Coefficient (NTC) 
and exhibits a decrease in resistance as the 
temperature of the Thermistor increases. 

NTC Thermistors are ceramic semiconductors 
made by sintering mixtures of heavy metal oxides 
such as manganese, nickel, cobalt, copper and 
iron. The metal oxides, their mixtures, and pro- 
cessing are carefully controlled to provide finished 
Thermistors which are tight tolerance, change 
resistance vs. temperature in a predictable way, 
and remain stable for extended periods of time. 
NTC Thermistors are small, rugged, inexpensive, 
and accurate. In the temperature range of —55°C. 
to 300°C. they provide an almost ideal solution to 
temperature sensing and control, compensation, 
and inrush current limiting applications. 

NTC Thermistors are non-linear devices and the 
resistance decreases exponentially with increas- 
ing temperature. The individual data sheets in 
the following section show resistance—tempera- 
ture tables listing the resistance at five degree 
(C) intervals. It is often necessary for the design 
engineer to know the resistance at odd tempera- 
ture points. The resistance at any temperature 
point over the operating temperature range may 
be calculated with a high degree of accuracy by 
using the Steinhart and Hart equation and three 
resistance-temperature points from the Resist- 
ance-Temperature tables. 


The Steinhart and Hart equation, an empirical 
expression, has been determined to be the best 
mathematical expression for the resistance- 
temperature relationship of a negative-tempera- 
ture-coefficient thermistor. It is usually found 
explicit in T 

1 


77 a7 b (Ln R) + ¢ (Ln R)? 


where T is the Kelvin temperature, Ln is the 
‘logarithm of R to the base e, and a, b and c 
are coefficients derived from measurement. 
Coefficients a, b and c are found by making 
measurements of R at three temperatures and 
solving simultaneously 
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=a+b (Ln R1) + c (Ln R1)3 


wilh 
qT; 
+= a +b (Ln Re) +c (Ln Re) 

2 

=a +b (Ln Rs) +c (Ln Re) 

3 

It is often useful to have this relationship explicit 
in R. The transformation is developed here. 


For any R the equation for T may be written in 
the form 
1 


c(Ln Rr)? +b (Ln Rr) + (a- = ) =0 


This cubic has a root A + B = Ln Rt, where 
at pil 
ieee, shear ioe De td 
A.B=(-5{-c. (al cn +57 (c)%) 2 3 
which is unique (there are two conjugate imagin- 
ary roots) provided that 
ab 
ts air sey 8} 
Anon p7ich 0 
Then the Steinhart and Hart equation explicit 
inRis 


“ly 1 


ifa=iy  ha=T, 1b, 4,4 

R=elexp){-9 (oe J+H(g(— oe )2+57(6)9) 2 } 3 
ue ap 

ivaie ieee 1 

he Se eS See ie 


where e (exp) has the usual meaning of ef(A,B). 
For ease in calculation let 


ater, p+, aa 

and R= e(exp)((—5 + G+57) 2) eS 
oF alk 

(Ae yee 


The ability to precisely interpolate for a given 
temperature from measurement at known fixed 
points is in a large measure dependent on the 
closeness of those points. Use of fixed points 
such as H,0O triple point, Hg triple point, gallium 
melting point and Indium freezing point provide 
a solid basis for the interpolation. 

For practical reasons some of the following tables 
have small interpolation differences when random 
values from the tables are used in the above 
equation particularly over large spans. 
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Typical NTC Thermistor Application Circuits 
APPLICATION EXAMPLES 


— ‘\s— 


Fig. 4. Liquid level control. 


Fig. 1. Temperature measurement in industrial and medical thermometers. 


AC 


bimetal 
mA-—meter 


72453921 


flow ~— 
direction ,’ 


Fig. 5. Flow measurement of liquids. The temperature difference between 
T, and T, is a measure for the velocity of the fluid. 


differential 
mA-meter 


| Without NTC 


- 


Fig. 2. Temperature measurement in cars. Cooling water measurements ; 
with bimetal or differential milliammeters. With NTC 


Fig. 3. Temperature control with a bridge incorporating an NTC thermistor : 4 er 
and a relay or a static switching device. 


vacuum 
cleaner 


Fig. 6. Inrush current limiter, e.g. for protection of Si-diodes, fuses, 
switches, and switch mode power supplies. 


596 Philips Components « Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 (817) 325-7871 * FAX: (817) 325-1052 


NTC THERMISTORS 


Applications 


ce gee | 


ig. 7. Delaying action of relays. Due to the thermal inertia of the NTC, it 
akes some time before the relay is activated. If necessary the NTC can 
e short-circuited after the relay is activated thus leaving the NTC time 
or cooling. 


wheel tracks 


Fig. 10. Compensation for the influence of ambient temperature variations 


| k ; ifi 
supply trac in an hf. amplifier. 


we 


Fig. 8. Model trains. As soon as the train comes on the isolated supply 
trip, it stops. The NTC heats up and gradually the train starts again. 


Fig. 11. Temperature compensation in transistor circuits. Push-pull 
compensation. 


Fig. 9. Gain compensation or gain control with an indirectly heated NTC. 


Fig. 12. Transformerless audio output stage with temperature compensation. 
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Fig. 16. Temperature sensing bridge with amplifier. The op-amp acts 
difference amplifier. The sensitivity can be very high. 


Fig. 13. Stabilization with temperature of an a.g.c. amplifier in a 
television set. 


Fig. 17. Basic temperature sensing configuration. The operational ampli- 
fier, e.g. type NE532, acts as a Schmitt trigger. The transfer characteristic 
is given in Fig. 18. 


Fig. 14. Compensation of driftin field deflection coils. The influence of the 
positive temperature coefficient of the copper windings is compensated 
by means of an NTC thermistor. 


Fig. 19. Temperature controlled oscillator. This is a simple interface circuit 
for digital and microcomputer-controlled systems. The frequency of the 
Fig. 15. Simple thermostat. output pulses is proportional to the temperature of the NTC thermistor. 
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AND GATE 


Fig. 20. Temperature sensing bridge with O°C offset and analogue to digital conversion. Due to Ro and R, the voltage at point A varies linearly with 
the temperature of the NTC thermistor. The voltage at point B is equal to the voltage at point A when the temperature of the NTC thermistor is 0°C. Both 
voltages are fed to the comparator circuit. See also Fig. 21. 


SAWTOOTH 
TEMP. 
0°C REF. | 


| | 
Vo COMP 1 | | | 
se — 


aac eee || 


(1) spike suppressor (zinc-oxide VDR, 


Fig. 22. Thermostat for room temperature control with a 2-point NTC thermistor as the sensing element. The TDA 1024 triggers the triac during 
the zero crossings of the mains voltage only when the voltage across the NTC thermistor is higher than the voltage at the slider of the 22 kO 
potentiometer. (For complete information see Technical Information 010 and 025). 
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S 
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SERIES 610-0 
Disc NTC Thermistor 


Ro, = 4 ohm to 33 ohm 1 Watt 


vail 
april 


7 


Va 


: 
S 
Ld 
= 
Fe 
e 
= 
Bei 
tu | 
===p 
Be) j 
ae 
E 


DESCRIPTION 
The Series 610-0 NTC Thermistor is a leadless emperature| = PartNumber | 


disc intended for general use. p21 S 3 Cosine ene | | | 
value +5%| at 25°C f 
ELECTRICAL SPECIFICATIONS (K) (%/°C) 10% 20% ; 


Dissipation.......... 1 Watt, maximum 2322 610 02408 | 2322 610 01408 
Operating Temperature Range 
(e) é 
at zero power...... —25°C to +125°C 5399610 00380 |o3D0 cana 


at maximum power. .+55°C max. 


MECHANICAL DATA 
043 = ,.028 Marking 


aie : 

(8.7) + (0.7) ae as Be Resistance value and tolerance legibly printed on one face 
(1.8) £(0.5) of the thermistor. 

Weight 

Approx. .70 grams 

Mounting 

In any position between clamps or soldering leads on 

the faces. 

Impact 

Free fall: 7.87" (200 mm) 


Inflammability 
Nonflammable 
All dimensions in inches (mm) 
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NTC THERMISTORS 


DESCRIPTION 


The Series 610-1 NTC Thermistor is a color coded, 
radial leaded disc intended for general use. 


ELECTRICAL SPECIFICATIONS eererstire 
Dissipation.......... 1 Watt, maximum cere Shore <nammrcablcanll paghmuyt aera 
Pep ton Factor i Fda 10 mW/°C eK) | re) sone Heh 
Perens power. Ure: eres to +125°C 2322 610 12408]2322 610-11408 
at maximum power. .+55°C max. A 2322 610 12159|2322 610-11159 
Thermal 2322 610 12339]2322 610-11339 
Time Constant..... approx. 60 seconds 
Heat Capacity ....... approx. 0.6 J/°C 
MECHANICAL DATA 
yellow silver 
grey silver 
brown silver 
orange silver 
197 in. ee) *10% onl 
-197 in. 0 Only 
i” Color bands 20% has no band 
Weight 
Approx. 1.1 grams 
Mounting 
In any position by soldering 
2.101 in Robustness of terminations 
(51) Tensile strength: 2.25 Ib (ION) 
Bending: 1.12 Ib (5 N) 
Soldering 
Solderability: max. 240°C-max. 4s 
Sapa Resistance to heat: 260+5°C-10+1S 
Impact 


Free fall: 7.87"(200 mm) 
All diminsions in inches (mm) 
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SERIES 626-1 
High Temperature NTC Glass Probes 


DESCRIPTION 


The Series 626-1 NTC Thermistors are miniature 
beads encapsulated in a glass probe, able to 
withstand temperatures as high as 300°C. 


ELECTRICAL SPECIFICATIONS 
Dissipation.......... 100 mW maximum 
Dissipation Factor ... . 1.2 mW/°C 
Operating Temperature 
Range ..2..:..... =55°CitO F300°G; 
Breakdown Voltage. ..Glass Envelope 
to leads (VRMS) 
*200°C for type with R,,< 100k 1500 (min) 


Thermal 
Time Constant..... 10 seconds in still air 
ee 1 second in liquid 

MECHANICAL DATA 

Marking .098 

4 color dots (2.5) max 012 
(0.3) 

Weight 


Approx. 0.3 grams 


Mounting IV WH i 
In any position by soldering an Se 


Robustness of Terminations max min 
Tensile Strength: .56 Ib. (2.5 N) 
Bending: .28 Ib. (1.25 N) All dimensions in inches (mm) 


Soldering 
Solderability: Max. 240°C-Max. 4 sec. 
Resistance to Heat: 260°C+5°C 10+1 sec. 


Impact 
Free fall: 3.94" (100mm) 


Non-Flammable 


Leads 
Dumet (tinned) 


Color Code Chart 


Band | & ll Band Ill Band IV 
Resistance at 25°C Multiplier Tolerance 


0=Black 5=Green 10° = Black 
1 =Brown 6=Blue 10' = Brown 
2 = Red 7 = Violet 102 = Red 


3 = Orange 8 = Grey 
4=Yellow 9 = White 


103 = Orange | 10% = Silver 
104 = Yellow 5% = Gold 


Temperature 
p25/85 Coefficient @ Part Number 
+5% 25°C (%/C) Tmax 2322 626-1... Nominal Resistance (At Temperature) 
ee ee ee ee ee ee ee Ee 


3,868 1,862 1,000 
9,641 4,369 2,200 
23,340 9,838 4,700 
110,300 30,555 10,000 
223,500 64,180 22,000 
526,800 144,300 47,000 
1,223,000 318,500 100,000 
2,338,000 676,600 220,000 
5,437,000 | 1,485,000 470,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 626-2 
High Temperature NTC Glass Probes 


DESCRIPTION 


The Series 626-2 NTC Thermistors are miniature 
beads encapsulated in a glass probe, able to 
withstand temperatures as high as 300°C. 


ELECTRICAL SPECIFICATIONS 
Dissipation.......... 100 mW maximum 
Dissipation factor ....0.8 mW/°C 
Operating Temperature 
Range ........... =55°C-10,-4300°C" 
Breakdown Voltage. ..Glass Envelope 
to Leads (VRMS) 
100 (min) 
Thermal 
Time Constant..... 7.5 seconds in still air 
ruphees 0.85 secondsinliquid 
*200°C for type with R,, < 100k 


MECHANICAL DATA 
Weight 
Approx. 0.33 grams 


Mounting 
In any position by soldering 


Robustness of Terminations 
Tensile Strength: .23 Ib. (1 N) 


Soldering 
Solderability: Max. 240°C-Max. 4 sec. 
ResistancetoHeat:260°C+5°C 10+1 sec. 


Impact 
Free fall: 3.94” (100mm) 


Non-Flammable 


Leads 
Dumet (tinned) 


063 
(1.6) 
max 
| (0.24) .009 


Temperature 
625/85 Coefficient @ 
25°C ( %/C) 


5 
+ 
tp 
S" 
© 
ay 
| 
z 
2 
a" 
= 
7) 


Philips Components « Airport Road, P.O. Box 760 - Mineral Wells, TX 76067 ° (817) 325-7871 ° FAX: (817) 325-1052 603 


5 
3 
& 
= Q 
a 
> 
a 
S 
7) 


SERIES 633-0 
Miniature NTC Beads 


DESCRIPTION 


The Series 633-0 NTC Thermistors are miniature 
beads with ultra-fast response times and axial 


leads. 
ELECTRICAL SPECIFICATIONS 
Dissipation.......... 25 mW maximum 


Dissipation factor ....0.3 mW/°C 
Operating Temperature 


Rangé #5 se 8 =oOaGiO E200, G 
Time Constant....... 8.5 seconds in still air 
ie ater 0.5 seconds in liquid 
MECHANICAL DATA 
Weight 


Approx. 4.24 milligrams 


Mounting 
In any position by spot welding 


Non-Flammable 


Leads 
Platinum-lridium 
.0024 
(0.06) Nie | 
. .047 
laine a: (1.2) max 
ae _o a5) | ie ee 
) min ta ) min max 


All dimensions in inches (mm) 


Temperature 
625/85 Coefficient @ Part Number 


+5% 25°C (%I/C) 2322 633-0... Nominal Resistance (At Temperature) 


110,300 
223,500 
526,800 , 
1,223,000 318,500 100,000 
2,338,000 676,600 220,000 
5,437,000 | 1,485,000 470,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 633-1 
Miniature NTC Beads 


DESCRIPTION 


The Series 633-1 NTC Thermistors are miniature 
beads with ultra-fast response times and radial 


leads. 
ELECTRICAL SPECIFICATIONS 
Dissipation.......... 25 mW maximum 
Dissipation factor ....0.3 mW/°C 
Operating Temperature 

Range ........... =55 GC i0e- 200°C 
Thermal 

Time Constant..... 0.5 seconds in still air 

oe 0.5 seconds in liquid 

MECHANICAL DATA 
Weight 


Approx. 4.24 milligrams 


Mounting 
In any position by spot welding 


Non-Flammable 


Leads 
Platinum-lridium 
.0024 
(0.06) 
of = 
pee 
Sova ed Oriveer 
197 
aie qed pues (5) deci 
max 


All dimensions in inches (mm) 


Temperature 
625/85 Coefficient @ Part Number 
+5% 25°C (%/C) 2322 633-1.. Nominal Resistance (At Temperature) 


3,868 1,862 1,000 
9,641 4,369 2,200 
23,340 9,838 4,700 
110,300 30,555 10,000 
223,500 64,180 22,000 
526,800 144,300 47,000 
1,223,000 318,500 100,000 
2,338,000 676,600 220,000 
5,437,000 | 1,485,000 470,000 
12,230,000 | 3,275,000 | 1,000,000 
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SERIES 633-2 
High Temperature NTC Glass Probes 


DESCRIPTION 


The Series 633-2 NTC Thermistors are miniature 
beads encapsulated in a glass probe, able to 
withstand temperatures as high as 200°C. 


ELECTRICAL SPECIFICATIONS 


Dissipation.......... 60 mW maximum oe wv we 
Dissipation factor ....0.5 mW/°C — “a > : 
Operating Temperature 
Range: 08455 24 eet =55 ©i10 2200 G YS 
Breakdown Voltage. . .Glass Envelope Po : 
to Leads (VRMS) oo , 
1500 (min) - 
Thermal 
Time Constant..... 6.0 seconds in still air 


Pre -ei, 0.6 seconds in liquid 


MECHANICAL DATA 


Marking 
4 color dots ae 
Weight .009 max 
Approx. 0.1 grams (0.24) 
: ‘ beh av 
Mounting 
In any position by soldering =o) — aan 
Robustness of Terminations 
Tensile Strength: 225 |b. (1 N) Ter 472 A188 
Bending: 113 Ib. (0.5 N) (20) (12) (20) 
Torsion: 3 times min max min 
Soldering 
Solderability: Max. 240°C-Max. 4 sec. aie 
Resistance to Heat: 260°C+5°C 10+1 sec. AU pimension > Met Nest! 
Impact 
Free fall: 3.94" (100mm) Color Code Chart 
Non-Flammable 
Leads 0=Black 5=Green 10° = Black 
Domet (tinned) 2= Red 7=Viokt | 102= Red 


3 = Orange 8 = Grey 103 = Orange | 10% = Silver 
4=Yellow 9 = White 104 = Yellow 5% = Gold 


Temperature 
panies Coefficient @ Part Number 
ae 25°C (%C) Tmax 2322 626-2... Nominal Resistance (At Temperature) 
cae Be ee Sd ee eo a Ee eee 


3,868 1,862 1,000 
9,641 4,369 2,200 
23,340 9,838 4,700 


110,300 30,555 10,000 
223,500 64,180 22,000 
526,800 144,300 47,000 
1,223,000 318,500 100,000 
2,338,000 676,600 220,000 
5,437,000 | 1,485,000 470,000 
12,230,000 } 3,275,000 |} 1,000,000 
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SERIES 640-6 


NTC Thermistors For Temperature 
Measurement and Compensation 


DESCRIPTION 


The Series 640-6 NTC Thermistors are radial 
leaded, color coded devices intended for gen- 
eral use and applications. Available in 10%, 5% 


and 3%. 


ELECTRICAL SPECIFICATIONS 


Dissipation 


Dissipation factor 
Operating Temperature 


oe pe Siete) er 


.7 mW/°C 


250 mW, maximum 


Range ......4..2°.. —40°C to +150°C 
Thermal 
Time Constant..... Approx. 11 seconds 
in still air 
ae b. < Approx. 1.2 seconds 
in liquid 
MECHANICAL DATA 
Marking 


4 color bands 


Weight 


Approx. 0.22 grams 


Mounting 


In any position by soldering 


4 = Yellow 


825/85 (9%) 


Band | & il 
Resistance at 25° 


9 = White 


104 = Yellow 


Color Code Chart 


Band Ill Band IV 
Cc Multiplier Tolerance 


0=Black 5=Green 10° = Black 
1 =Brown 6=Blue 101 = Brown 
2 = Red 7 = Violet 102 = Red 10% = Silver 
3 = Orange 8 = Grey 103 = Orange 5% = Gold 


3% = Gold 


Part Number (By Tolerance) 


2322-640-62272 
2322-640-62332 
2322-640-62472 


2322-640-62682 
2322-640-62103 
2322-640-62123 


2322-640-62153 
2322-640-62223 
2322-640-62333 
2322-640-62473 
2322-640-62683 
2322-640-62104 
2322-640-62154 
2322-640-62224 
2322-640-62334 
2322-640-62474 


2322-640-63272 
2332-640-63332 
2322-640-63472 


2322-640-63682 
2322-640-63103 
2322-640-63123 


2322-640-63153 
2322-640-63223 
2322-640-63333 
2322-640-63473 
2322-640-63683 
2322-640-63104 
2322-640-63154 
2322-640-66224 
2322-640-63334 
2322-640-63474 


2322-640-66272 
2322-640-66332 
2322-640-66472 
2322-640-66682 
2322-640-66103 
2322-640-66123 
2322-640-66153 
2322-640-66223 
2322-640-66333 
2322-640-66473 
2322-640-66683 
2322-640-66104 
2322-640-66154 
2322-640-66224 
2322-640-66334 
2322-640-66474 


FL 


0.150 max 
(3.8) 0.118 max 
(3.0) 
IV 
7 
c 97 max rT 
iT} 
0.040 max | 
(1.0) 
0.031 
(0.8) 


? ae min 


0.100 —>| 0.024 


(2.54) (0.6) 


al 


All dimensions in inches (mm) 


Stability (%) 


B Tolerance Tc T,.1000 
(25°C) (%/°C) Hrs 
(25°C) 125°C 
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SERIES 640-6 


Resistance 
Deviation | Tempera- 
Tempera- Ratio due to B ture Resistance (kohm) for types 
ture Ry/Ras Tolerance | Coefficient 2322 640 


608 


32.84 
23.77 
17.39 
12.85 
9.589 
7.223 
5.489 
4.207 
3.251 
2.531 
1.986 
1.569 
1.249 
1.000 
0.8060 
0.6536 
0.5331 
0.4372 
0.3606 
0.2989 
0.2490 
0.2085 
0.1753 
0.1481 
0.1256 
0.1070 
0.09155 
0.07861 
0.06775 
0.05860 
0.05086 
0.04429 
0.03870 
0.03392 
0.02982 
0.02629 
0.02324 
0.02061 
0.01832 
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SERIES 640-6 


Resistance 
Deviation Tempera- 
Tempera- Ratio due to B ture Resistance (kohm) for types 
ture Ry/R 25 Tolerance | Coefficient 2322 640 


| fc | ee [fees [weet | erzs | rss | 6225. | 


0.02295 
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SERIES 640-6 


Resistance 
Deviation Tempera- 
Tempera- Ratio due to B ture Resistance (kohm) for 
ture Ry/Res Tolerance | Coefficient types 2322 640 


610 


34.15 
24.71 
18.06 
13.33 
9.926 
7.458 
5.651 
4.317 
3.324 
2070 
2.014 
1.585 
1.255 
1.000 
0.8020 
0.6469 
0.5248 
0.4280 
0.3510 
0.2892 
0.2395 
0.1993 
0.1666 
0.1399 
0.1180 
0.09988 
0.08490 
0.07244 
0.06205 
0.05333 
0.04600 
0.03981 
0.03457 
0.03011 
0.02633 
0.02307 
0.02028 
0.01787 
0.01579 
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SERIES 640-6 


Resistance 
Deviation Tempera- 
Tempera- Ratio due to B ture Resistance (kohm) for 
ture Ry/Ros Tolerance | Coefficient types 2322 640 


36.65 
26.35 
19.14 
14.04 
10.40 
7.769 
5.855 
4.449 
3.407 
2.629 
2.044 
1.600 
1.261 
1.000 
0.7982 
0.6410 
0.5176 
0.4204 
0.3432 
0.2817 
0.2323 
0.1925 
0.1603 
0.1340 
0.1126 
0.09498 
0.08043 
0.06838 
0.05836 
0.04999 
0.04297 
0.03706 
0.03207 
0.02784 
0.02425 
0.02119 
0.01856 
0.01631 
0.01437 
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SERIES 640-6 


Resistance 
Deviation Tempera- 
Tempera- Ratio due to B ture Resistance (kohm) for 
ture Ryz/R 25 Tolerance | Coefficient types 2322 640 


612 


41.38 
29.47 
21.20 
15.41 
11.30 
8.363 
6.243 
4.700 
3.566 
2.726 
2.100 
1.629 
12r2 
1.000 
0.7911 
0.6296 
0.5040 
0.4058 
0.3285 
0.2673 
0.2186 
0.1797 
0.1484 
0.1231 
0.1026 
0.08582 
0.07211 
0.06083 
0.05152 
0.04380 
0.03737 
0.03199 
0.02749 
0.02369 
0.02049 
0.01778 
0.01547 
0.01349 
0.01181 
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SERIES 640-6 


Resistance 
Deviation Tempera- 
Tempera- Ratio due to B ture Resistance (kohm) for 
ture Ry/Ros Tolerance | Coefficient types 2322 640 


47.68 
33.56 
23.87 
ATAS 
12.44 
9.103 
6.721 
5.005 
3.756 
2.842 
2.166 
1.663 
1.285 
1.000 
0.7832 
0.6172 
0.4893 
0.3901 
0.3128 
0.2521 
0.2043 
0.1664 
0.1362 
0.1120 
0.09247 
0.07671 
0.06391 
0.05346 
0.04490 
0.03786 
0.03204 
0.02722 
0.02320 
0.01984 
0.01704 
0.01467 
0.01267 
0.01098 
0.00954 
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SERIES 640-9 


NTC Thermistors in 
Stainless Steel Housings 


DESCRIPTION 
The Series 640-9 NTC Thermistors are stainless 
steel housings designed for fluid temperature 


measurement. 
ELECTRICAL SPECIFICATIONS 
Dissipation ......... 250 mW maximum 
Dissipation Factor . .. . In still air approx. 
7.5 mW/°C 
_...In still water approx. 
18 mW/°C 


Operating Temperature Range: 
—25°C to +110°C continuous 
+113°C peak for 24 hours 
0 to +55°C Maximum Power 


Thermal 
Time Constant: ... . approx. 285 seconds 
in still air 
.... approx. 11 seconds 
in liquid 


Dielectric Withstanding Voltage between 
terminals and capsule 
EDAD Ee 5 ee 1500 VRMS for 


60 seconds 
res a a eee Pay 1650 VRMS for 
10 seconds 
MECHANICAL DATA 
Marking 031 + .001 (0.8 + 0.03) 
Color Dot between terminals 
Weight 157 42.069) (4 3291) 


157 + .039 (4 + 1) 


Approx. 8 grams 


Mounting 043 
AMP terminals in any position Le mex deal yas 
Robustness of Terminations: eer 
Tensile Strength: 11 lbs (50 N) 039 (12.2) min 


(1)'max 


Vibration 

10 to 45 HZ .098" (2.5mm) amplitude 
45 to 2000 HZ 20g peak A 
1H in each of 3 axes 
2 octaves per minute Bright Tinned Brass 


394 
(10) max 


.020 


768 
(19.5) max (0.5) max 


Impact 
39.4" (1000mm) 


Non-flammable 


1.181 (30) min 


All dimensions in inches (mm) 


Resistance | Resistance B 
@ 25°C @ 90°C Dimension Color Dot | 25/85 
(ohms) (ohms) “R’ inches (mm) Part Number Marking (+5%) 


.110 (2.8) 2322-640-90022 
.248 (6.3) 2322-640-90023 
.110 (2.8) 2322-640-9001 1 
.248 (6.3) 2322-640-90007 
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SERIES 642-6 


NTC Thermistors for Temperature 
Measurement and Compensation 


DESCRIPTION 


The Series 642-6 NTC Thermistors are radial 
leaded, color coded devices intended for general 
use. Available in 10% and 5%. 


ELECTRICAL SPECIFICATIONS 
Dissipation ......... 500 mW maximum 
Dissipation Factor... .8.5 mW/°C 
Operating Temperature 

Mange ...5.:...-. 40°C to -450°C 


Time Constant. .... approx. 17 seconds in 


MECHANICAL DATA 


Marking 


4 color bands 


Weight 


Approx. 0.25 grams 


Mounting 


In any position by soldering 
Robustness of Terminations: 


still air 


Tensile Strength: 2.25 Ibs (10 N) 


Bending: 


Soldering 


1.12 Ibs (5 N) 


Solderability: Max. 240°C -Max. 4 seconds 


Resistance to Heat: 260 +5°C 


Impact 


Free Fall 39.4” (1000mm) 
Self-Extinguishing 


Resistance 
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Part Number 
(By Tolerance) 


2322-642-62338 
2322-642-62478 
2322-642-62688 
2322-642-62109 
2322-642-62159 
2322-642-62229 
2322-642-62339 
2322-642-62479 
2322-642-62689 
2322-642-62101 
2322-642-62151 
2322-642-62221 


2322-642-62331 


2322-642-63338 
2322-642-64782 
2322-642-63688 
2322-642-63109 
2322-642-63159 
2322-642-63229 
2322-642-63339 
2322-642-63479 
2322-642-63689 
2322-642-63101 
2322-642-63151 
2322-642-63221 
2322-642-63331 


10 +1 seconds 


0.100 
(2.54) 


Tc 
(%/°C) 


0.209 max 
(5.3) 


TTT! «9.979 max 


0.138 max 
(3.5) 


0.024 
(0.6) >| 


All dimensions in inches (mm) 


Color Coding 


Band | & Il Band Ill Band IV 
Resistance at 25°C Multiplier Tolerance 


2322-642-62471 | 2322-642-63471 0=Black 5=Green | 10°=Black 
2322-642-62681 | 2322-642-63681 1=Brown 6=Blue | 10'=Brown 
2322-642-62102 | 2322-642-63102 2=Red 7=Violet | 10?=Red 


2322-642-62152 
2322-642-62222 


2322-642-63152 
2322-642-63222 


10% = Silver 
5% = Gold 


103 = Orange 
104 = Yellow 


3=Orange 8 = Grey 
4=Yellow 9=White 


615 
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SERIES 642-6 


2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 
-63338 -63478 -63688 -63109 -63159 -63229 -63339 
R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms 
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SERIES 642-6 


2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 2322-642 
-63479 -63689 -63101 -63151 -63221 -63331 -63471 
R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms 


1355.21 2023.93 3256.86 5354.54 8852.42 
1078.50 1617.50 2580.00 4205.00 6835.50 
862.81 1298.42 2053.54 3319.03 5310.41 
693.76 1046.76 1642.03 2632.60 4149.99 
560.56 847.38 1318.85 2098.07 3261.71 
455.07 688.76 1063.86 1679.78 PSO AT fer Tk 
371.12 562.03 861.79 1350.91 2048.20 
304.00 460.38 700.96 1091.16 1635.91 
250.08 378.53 572.42 885.10 1313.23 
206.57 312.36 469.28 720.91 1059.38 
171.32 258.68 386.18 589.55 858.70 
142.64 212.98 318.98 484.02 699.27 
I921 179.27 264.44 398.91 572.02 
100.00 150.00 220.00 330.00 470.00 
84.18 125.92 183.67 274.00 387.83 
TALUS 106.05 153.87 228.32 321.38 
60.28 89.60 129.33 190.93 267.39 
51.27 75.94 109.07 160.22 223.37 
64.57 92.28 134.90 187.32 
55.06 78.33 113.96 157.68 
47.10 66.69 96.59 133.22 
40.40 56.96 82.13 1,112.97 
34.76 48.79 70.05 96.13 
29.99 41.92 59.93 82.08 
25.95 36.13 51.43 70.33 
2202 44.27 60.45 
59 52.13 
17.09 : 45.09 
14.95 39.13 

13.11 

11.53 

10.16 I : 26.01 
8.98 : 22.83 

7.96 

7.06 

6.29 

5.61 

5.02 

4.50 
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SERIES 642-6 


2322-642 | 2322-642 | 2322-642 | 2322-642 
-63681 -63102 -63152 -63222 
R Ohms R Ohms R Ohms R Ohms 


11252.69 | 20487.67 | 35038.17 | 58579.87 
8850.00 | 15735.00 | 26587.50 | 43920.00 
6992.17 | 12156.49 | 20302.26 | 33148.86 
5548.69 9445.59 | 15597.23 | 25180.61 
4421.91 7379.82 | 12053.09 | 19246.91 
3538.43 5796.72 9367.30 | 14800.11 
2842.72 4576.85 7320.12 | 11447.08 
2292.60 3631.88 5750.91 8903.75 
1855.86 2896.10 4541.53 6963.48 
1507.78 2320.34 3604.54 5475.02 
1229.33 1867.64 2874.88 4326.99 
1005.76 1510.01 2303.84 3436.88 

825.63 1226.21 1854.78 2743.23 
680.00 1000.00 1500.00 2200.00 
561.86 818.91 1218.42 1772.53 
465.72 673.34 993.94 1434.57 
387.22 555.85 814.22 1166.17 
322.94 460.63 669.71 952.06 
270.14 383.17 553.05 780.51 
319.91 458.49 642.50 

268.06 381.55 531.00 

225.41 318.70 440.56 

190.20 267.16 366.92 

161.03 224.76 306.72 

136.79 189.74 257.34 

116.57 160.73 216.67 

99.66 ‘ 183.06 

85.46 i 155.19 

73.51 é 132.00 

63.42 ; 112.64 

54.88 : 96.42 

47.62 ; 82.79 

41.43 4 71.31 

36.15 : 61.60 

31.62 : 53.36 

27.74 ; 46.36 

24.39 ‘ 40.39 

21.50 : 35.28 

19.00 ; 30.90 
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SERIES 642-7 


NTC Thermistors for Temperature 
Measurement and Compensation 


DESCRIPTION 

The Series 642-7 NTC Thermistors are mounted 
in a metric threaded aluminum bolt and are 
intended for general use. Available in 10% and 5%. 


ELECTRICAL SPECIFICATIONS 
Dissipation ......... 500 mW Maximum 
Dissipation Factor... .23 mW/°C 
Operating Temperature 


Range ........... —40°C to +150°C 
Thermal 
Time Constant..... approx. 7.5 seconds in 
still air 


Dielectric between 
Terminals and 


Screw ........... 100 VRMS minimum 
MECHANICAL DATA 
Marking 
Last four digits of part number 
Weight 


Approx. 1.38 grams 


Mounting 
In any position by means of a washer and nut (provided). 
Leads to be soldered. 


Robustness of Terminations 
Tensile Strength: 2.25 Ibs (10 N) 
Bending: 1.12 Ibs (5 N) 

Torque: .885 ft-lb (1.2 Nm) 


Soldering 
Solderability: Max. 24°C-Max. 4 seconds 
Resistance to Heat: 260 +5°C 10 +1 seconds 


Impact 


Free Fall 3.94" (100mm) 
Self-Extinguishing 


Resistance 
@ 25°C 


Part Number 
(By Tolerance) 


2322-642-72338 
2322-642-72478 
2322-642-72688 


2322-642-72109 
2322-642-72159 
2322-642-72229 
2322-642-72339 
2322-642-72479 
2322-642-72689 


2322-642-72101 
2322-642-72151 
2322-642-72221 
2322-642-72331 
2322-642-72471 
2322-642-72681 
2322-642-72102 
2322-642-72152 
2322-642-72222 


+5% 


2322-642-73338 
2322-642-74782 
2322-642-73688 


2322-642-73109 
2322-642-73159 
2322-642-73229 
2322-642-73339 
2322-642-73479 
2322-642-73689 


2322-642-73101 
2322-642-73151 
2322-642-73221 
2322-642-73331 
2322-642-73471 
2322-642-73681 
2322-642-73102 
2322-642-73152 
2322-642-73222 


Tc 


(%/°C) 
(25°C) 


.787 in. Jol .019 in. 
+ 0.08 


0.5mm 
20 mm + 2 
216 in. 
319 in. 8.1 mm 55mm 
312 in. 7.9 mm : 
264 in. 6.7 mm 
248 in. 6.3 mm 


Pela Fe 


Metric thread 
not included 


a 


315 in. 8.0 mm 


311 in. 7.9 mm 


+ 


All dimensions in inches (mm) 
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Series 642-7 


2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 
7.338 7.478 7.688 7.109 7.159 7.229 7.339 
R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms 


NOTE: Replace “” with “2” for 10% tolerance 
Replace “.” with “3” for 5% tolerance 


620 Philips Components ° Airport Road, P.O. Box 760 » Mineral Wells, TX 76067 + (817) 325-7871 * FAX: (817) 325-1052 


SERIES 642-7 


2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 | 2322-642 
7.479 7.689 7.101 | 7.151 7.221 7.331 7.471 
R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms R Ohms 


1355.21 2023.93 3256.86 5354.54 8852.42 
1078.50 1617.50 2580.00 4205.00 6835.50 
862.81 1298.42 2053.54 3319.03 5310.41 
693.76 1046.76 1642.03 2632.60 4149.99 


560.56 847.38 1318.85 2098.07 3261.71 
455.07 688.76 1063.86 1679.78 2Otetit 
371.12 562.03 861.79 1350.91 2048.20 
304.00 460.38 700.96 1091.16 1635.91 
250.08 378.53 572.42 885.10 1313.23 
206.57 312.36 469.28 720.91 1059.38 
WAlcy4 258.68 386.18 589.55 858.70 
142.64 212.98 318.98 484.02 699.27 
119.21 VAI 264.44 398.91 572.02 
100.00 150.00 220.00 330.00 470.00 
84.18 125.92 183.67 274.00 387.83 
71.12 106.05 153.87 228.32 321.38 
60.28 89.60 ; 190.93 267.39 
51.27 75.94 } 160.22 223.37 
43.74 64.57 t 134.90 187.32 
37.44 55.06 : 113.96 157.68 
32.14 47.10 : 96.59 133.22 
27.68 40.40 : 82.13 WZ 
23.90 34.76 70.05 96.13 
20.70 Pas peox®) : 59.93 82.08 
17.98 20.95 51.43 70.33 
15.66 22.52 ; 44.27 60.45 
13.67 19:59 F 38.22 52.13 
11.97 17.09 33.09 45.09 
14.95 28.72 39.13 

13.11 g 25.01 34.05 

11.53 : 21.83 29.72 

10.16 Ian 26.01 

16.77 22.83 

14.75 20.09 

13.01 17.73 

11.51 15.69 

10.20 13.91 

9.06 12.37 

8.07 11.02 


NOTE: Replace ‘“”’ with “2” for 10% tolerance 
Replace “.” with “3” for 5% tolerance 
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Series 642-7 


2322-642 


11252.69 
8850.00 
6992.17 
5548.69 
4421.91 
3538.43 
2842.72 
2292.60 
1855.86 
1507.78 
1229.33 
1005.76 

825.63 
680.00 
561.86 
465.72 
387.22 
322.94 
270.14 


226.63 | 


190.68 
160.90 
136.14 
119.52 
98.29 
83.85 
(lth: 
61.52 
52.90 
45.60 
39.41 
34.15 
29.66 
25.83 
22.54 
19.72 
17.29 
15.20 
13.39 


2322-642 


7.102 
R Ohms 


20487.67 
15735.00 
12156.49 
9445.59 
7379.82 
5/96.72 
4576.85 
3631.88 
2896.10 
2320.34 
1867.64 
1510.01 
1226.21 
1000.00 
818.91 
673.34 
555.85 
460.63 
383.17 
319.91 
268.06 
225.41 
190.20 
161.03 
136.79 
116.57 
99.66 
85.46 
73.51 
63.42 
54.88 
47.62 
41.43 
36.15 
31.62 
27.74 
24.39 
21.50 
19.00 


2322-642 
7.152 
R Ohms 


35038.17 
26587.50 
20302.26 
15597.23 
12053.09 
9367.30 
7320.12 
5750.91 
4541.53 
3604.54 
2874.88 
2303.84 
1854.78 
1500.00 
1218.42 
993.94 
814.22 
669.71 
553.05 
458.49 
381.55 
318.70 
267.16 
224.76 
189.74 
160.73 
136.60 
116.47 
99.62 
85.48 
73.56 
63.50 
54.97 
47.72 
41.54 
36.26 
31.74 
27.85 
24.50 


NOTE: Replace “.” with “2” for 10% tolerance 


622 


con 


Replace “.” with “3” for 5% tolerance 
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2322-642 
7.222 
R Ohms 


58579.87 
43920.00 
33148.86 
25180.61 
19246.91 
14800.11 
11447.08 
8903.75 
6963.48 
5475.02 
4326.99 
3436.88 
2743.23 
2200.00 
W283 
1434.57 
1166.17 
952.06 
780.51 
642.50 
531.00 
440.56 
366.92 
306.72 
257.34 
216.67 
183.06 
155.19 
132.00 
112.64 
96.42 
82.79 
71.31 
61.60 
53.36 
46.36 
40.39 
35.28 
30.90 


SERIES 644-9 


NTC Thermistors for Surge Current Limiting 


DESCRIPTION 


The Series 644-9 NTC Thermistors are designed 


for surge current limiting applications. 


Figure 1» P< 


- 
O 


F L 
D T Size (max.) (max.) (min.) 
3B .630 (16) 197 (5) 2.2 (56) 
3C .995 (24) .197 (5) 2.3 (59) 
4B .669 (17) POE ( 4) _ 
t 5A xs) (ISS) SSA) 1.4 (38) 
5B (53i1 (13-5) e745) 1.4 (38) 
L 5C POS Seo) ME OZ (5) 1.4 (38) 
5D FOS! (USS) ARIS) (B) 1.4 (38) 
> (0,8) 5E 374 (10) 177 (4.5) 1.4 (38) 
oF 945 (24) 256 (6.5) 1.4 (38) 
5G 945 (24) 276 (7) 1.4 (38) 


Dimensions in inches (mm) 


Maximum 
Resistance continuous 
at 25°C Resistance current, 
+25% at 0 to 55°C 
(ohms) | max (ohms) 


Approximate 
dissipation 


factor 
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SERIES 644-9 


SURGE CURRENT LIMITING 


Switch 


surge current 
limiter 


Fig. 2 Typical mains input circuit with an NTC surge current limiter in the 
input line. The current/time characteristics shows the suppression effect of 
the NTC surge current limiter. 


Current 


l Without NTC surge current limiter 


With NTC surge current limiter 


A 


Switch-on 


624 


SURGE CURRENT LIMITING 
Surge currents occurring when electrical appli- — 
ances are switched on can cause serious © 
problems. Circuit components can easily be 
damaged and high starting torques can quickly © 
wear out belts and moving parts. However, surges 
can be prevented using just one small compo- 
nent—the negative temperature ccefficient (NTC) — 
surge current limiter. 


Fig. 2 shows a typical mains input circuit with 
an NTC surge current limiter in the input line. At — 
switch-on, the ‘cold’ resistance of the surge 
current limiter is high enough to limit the surge ~ 
current to a safe level but after a few milliseconds, 
during which time the surge has been suppressed, 
the surge current limiter has heated up and its — 
resistance has fallen to a value that allows normal 
operation of the equipment. A period of 30 to 60 
seconds must be allowed between switching-off 
and switching-on again for it to cool down, other- 
wise, Only partial transient protection may be 
provided. 
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SERIES 644-9 


Current 


—— Maximum 
withstanding 
current 


current 


(msec) Time 


Fig. 3 Typical currenttime characteristics of our surge current limiters. 
Maximum withstanding current of more than 8 times the specified maximum 
continous current proves that our surge current limiters will repeatedly 
withstand severe transients. 


MAXIMUM WITHSTANDING CURRENT 

It is very difficult to define the maximum with- 
standing current (Fig. 3) that our surge current 
limiters can handle before breaking down. During 
normal operation the current limit of our surge 
current limiters is defined by V/R,., where V is 
the applied voltage. However, we’ve tested our 
644 90018 surge current limiters under overload 
conditions and we've established that they can 
withstand at least 60 A surge current without any 
apparent degradation, and since this figure is 
more than eight times the specified maximum 
continuous current, there’s no doubt that our 
surge current limiters will repeatedly withstand 
severe transients. 
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SERIES 644-9 


MOUNTING 

Under steady-state conditions our surge current 
limiters can become quite hot. However, their long 
leads prevent overheating of pcb tracks and 
melting of soldered joints. Therefore, the leads 
should not be shortened excessively if mounted 
in free air. 

Figure 4 shows typical measured temperatures 
under various surge currents for a 644 90018 
surge current limiter. Of course the surge current 
limiter could also be cooled by a fan or mounted 
on a heatsink. Our Applications Department will 
be pleased to advise on mounting methods for 
your particular application. 


1: Core temperature of surge current limiter. 


APPLICATIONS 

Our surge current limiters are ideal for: 

@ Limiting surge currents to national standard 
levels of mains pollution. 

@ Protecting semiconductor devices from surges. 

@ Preventing fuse-blowing at switch-on. 

@ Preventing excessive wearout of belts and 
moving parts by reducing starting torque. 

@ Increasing lifetime of projector and other — 
lamps, particularly where long life is important — 
and access is difficult (e.g. swimming pools, 
street lamps). 

@ Protecting switch contacts. They are used with: 
power supplies, a.c. and d.c. motors, trans- 
formers, power-factor capacitors, relays, 
filament lamps, projector lamps, street lighting, 
personal computers, video monitors, chain- 
saws, power drills, vacuum cleaners, solariums, 
microwave cookers...and numerous other 
applications. 


2: Surface temperature of surge current limiter ( point X). 


3: Track temperature (point Y ). 
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d.c. current (A) 
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SERIES 645-0 
NTC Thermistors for Temperature Measurements 


DESCRIPTION 

The Series 645-0 NTC Thermistor was developed 
as a general purpose temperature sensor. It is a 
radial leaded, coated disc with solid tinned 
copper leads. 


ELECTRICAL SPECIFICATIONS 


Dissipation ......... 100 mW maximum 
Dissipation Factor... .6.6 mW/°C 
Operating 
Temperature ...... —4026 10) 1 D0-G 
Thermal 
Time Constant..... Approx. 8.5 seconds in 
still air 
Aida Approx 1.15 seconds in 
liquid 
MECHANICAL DATA 


All Dimensions in Inches (mm) 


Weight 
Approx 0.22 grams 


Mounting 
In any position by soldering 


Robustness of Terminations 
Tensile Strength: 2.25 Ib (10 N) 
Bending: 1.12 lb (5 N) 
Soldering 
Solderability: Max. 240°C 4 seconds maximum 
Resistance to Heat: 260°C +5°C 10sec +1 sec. 


Impact 
Free Fall 39.4" (1000 M) 


Non Flammable 


Fig. 1 0,1 W types. 


ALL DIMENSIONS IN INCHES (MM) 
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Ratio Resistance Deviation | Temperature Resistance (kohm) for types 
Temperature Ry/Ros due to £ Tolerance Coefficient 2322-640 


32.84 
Bont, 
17.39 
12.85 
9.589 
7.223 
5.489 
4.207 
3.251 
2.531 
1.986 
1.569 
1.249 
1.000 
0.8060 
0.6536 
0.5331 
0.4372 
0.3606 
0.2989 
0.2490 
0.2085 
0.1753 
0.1481 
0.1256 
0.1070 
0.09155 
0.07861 
0.06775 
0.05860 
0.05086 
0.04429 
0.03870 
0.03392 
0.02982 
0.02629 
0.02324 
0.02061 
0.01832 


(1) Replace dot in code number (9th digit) by: 2 for a tolerance of 10% 
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3 for a tolerance of 5% 
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PTC Thermistors 


INTRODUCTION 

Positive Temperature Coefficient (PTC) thermis- 

tors are resistors with a high positive temperature 

coefficient of resistance. They differ from NTC 
thermistors in the following aspects: 

- The temperature coefficient of a PTC thermistor 
is positive only between certain temperatures, 
outside this range the temperature coefficient 
is either zero or negative. 

- The absolute value of the temperature coeffi- 
cient of PTC thermistors is usually much higher 
than that of NTC thermistors. 

PTC thermistors are used as current limiters, 

temperature sensors and protectors against over- 

heating in equipment such as electric motors. 

They are also used as level indicators, time delay 

devices, thermostats, compensation resistors, etc. 

See ‘Applications’ 

PTC thermistors are prepared from BaTiOs, or solid 

solutions of SrTiO3 or PbTiO; in a similar way as 

NTC thermistors. Extra electrons on the Ti-ions are 

created by the introduction of foreign ions having 

a different valency. In these compounds there are 

two possibilities: substitution of trivalent ions like 

La’* or Bis* for Ba?* or substitution of pentavalent 

ions like Sb°* for Nb°* for Ti. Both methods lead 

to identical results. If prepared in the absence of 
oxygen, these semiconductors have a weakly 
negative temperature coefficient. A strong posi- 
tive temperature coefficient is obtained by firing 
the ceramic samples in an oxygen-rich atmosphere. 

This is caused by the penetration of oxygen along 

pores and crystal boundaries during cooling after 

the firing process. The oxygen atoms, absorbed 

on the crystal surfaces attract electrons from a 

thin zone of the semiconducting crystals. In this 

way electrical potential barriers are formed con- 
sisting of a negative surface charge with, on both 
sides, thin layers having a positive space charge 
resulting from the now uncompensated foreign 
ions. These barriers cause an extra resistance of 
the thermistor. 

1 eV,/kT 


px ae (ox =directly proportional to) 
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Here ‘a’ represents the size of the crystallites, thus 


me is the number of barriers per unit length of the 


thermistor. V, represents the electrical potential 
of the barriers. As V, is inversely proportional to 
the value of the dielectric constant of the crystals 
itis clear that R, is extremely sensitive to varia- 
tions of the dielectric constant. Such a variability 
of the dielectric constant is a special property 
of materials with a ferroelectric nature like BaTiO, 
and its solid solutions. Above their ferroelectric 
Curie temperature 0 the relative dielectric con- 
stant decreases with temperature according to 
C 
LT 9 

where C has a value of approximately 105 K. As 
a result the resistivity increases steeply just above 
the Curie temperature. Below the Curie tempera- 
ture the barriers are weak or absent, partly as a 
result of the high effective dielectric constant of 
BaTiO, in strong fields and partly as a result of 
the spontaneous polarization of the crystals which 
may compensate the boundary charges. 

At very high temperatures the electrons captured 
at the boundaries are gradually liberated, causing 
the potential barriers to decrease in strength. 
This means that the PTC loses its properties and 
may eventually act as an NTC if the temperature 
becomes too high. Therefore the applications of 
PTC thermistors are restricted by a certain 
temperature limit. 
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PTC Thermistors 


ELECTRICAL PROPERTIES 


Resistance/Temperature Characteristics 
Figure 1 shows typical resistance/temperature 
characteristics of an NTC and a PTC thermistor. 


LogR 


Fig. 1. 


yy Ww F&F WN MH 


Voltage/Current Characteristics 
Static voltage/current characteristics show the 
current limiting ability of PTC thermistors. Up to 
a certain voltage the V/I characteristic follows 
Ohm’s law, but the resistance increases when 
the PTC is heated so much by the current it is 
carrying that its temperature reaches the switch 
temperature. See Fig. 2. Of course the V/I char- 
acteristic depends on the ambient temperature 
and on the heat transfer coefficient to the ambi- 
ence. In Fig. 2 the characteristic is plotted ona 
linear scale. In practice, however logarithmic 
scales are used more often, see Fig. 3. PTC ther- 
mistors show some voltage dependency. At higher 
voltages the resistance is somewhat lower than 
expected. It is possible to calculate accurately 
the top of the V/I characteristic if the R/T charac- 
teristic and the dissipation constant are known: 
The power dissipation is: P = |?R 
Thus asmallincreaseinP: JAP = 2 IRAI + |?AR 
At the top of the V/I curve Al, = 0, thus: 

ARS le ARs 


(p indicates that the 
values are taken at 
the top of the V/I 
characteristic). 


Also AP = DAT, thus: 
AP = Dey = ine 
At, 
e a 2 
or AR, D Fs 
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PTC Thermistors 
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Fig. 2 Voltage/current characteristics of a PTC thermistor on linear scale, 


with ambient temperature as a parameter. 
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Fig. 3 Voltage/current characteristic on logarithmic scale. 
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PTC Thermistors 
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Rp 
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SS 


Tp 
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Fig. 4 Part of the resistance/temperature characteristic on a linear scale. 


From Fig. 4: 
ATS | Tat Tap 
AR RL 

SO Is = Me Bi a Tamb) 


Rp 
For given ambient temperature (Tamp) and D, Rp 
and T, can easily be found; see Fig. 4. 


The calculation shows that if D is increased n 
times (e.g. by a heatsink, or ambience with better 
heat conductivity) |, increases Wn times. 
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PTC Thermistor In Series With A Load 

From the voltage/current characteristic it can be 
shown that because of the non-linearity of the 
PTC-curve three working points are possible when 
a load R is connected in series with the PTC. 
See Fig. 5. The characteristic of the load is a 
straight line intersecting the voltage co-ordinate 
at V,, the supply voltage. P; and P» are stable 
working points; P3 is unstable. 

When the voltage V, is applied to the series con- 
nection, equilibrium will be reached at P;, a point 
with a relatively high current. P2 can only be 
reached when the top of the V/I curve comes 
below the load characteristic. This may happen 
in the following cases: 

- V, increases, see Fig. 6; 

- the ambient temperature increases, see Fig. 7; 
- the load resistance decreases, see Fig. 8. 
The PTC thermistor is thus an excellent protector, 
limiting the load to a safe value if supply voltage, 
temperature or current exceeds a critical value. 


————— Ny) 


Va 


Fig. 5 PTC thermistor in series with a load showing the possible 
working points. 
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PTC Thermistors 


Vat —> Vv Vo2 


Fig. 6 PTC thermistor in Series with a load showing the influence 
of the supply voltage Va 


Vg —, Vy 


Fig. 7 PTC thermistor in Series with a load showing the influence 
of ambient temperature 


Not ie anV 


Fig. 8 PTC thermistor in Series with a load showing the influence 
of the load resistance 
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PTC Thermistors 


Current/Time Characteristics 

lf a PTC thermistor is connected in series with a 
resistance of such a value that the top of the V/I 
curve lies under the load line, the PTC will heat 
up till the stable working point P2 is reached 
(Fig. 9). The time it takes to reach this point 
depends very much on the value of the load R 
(Fig. 10) and the ambient temperature. 
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Fig. 10 Current/time characteristics showing the influence of the load. 
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PTC Thermistors 


EXPLANATION OF TERMS 


Switch temperatures (T,) 
The switch temperature T, is the higher of the two 


temperatures at which the resistance R, is 


twice 


the minimum resistance Rin (See Fig. 11). 
So, at eesln R, =2 imine 


Trmin Ts 


T 


Tempertature coefficient (a) 


The temperature coefficient a= 


For R-T curves plotted on a long R-lin T 
dInR 1 dlogR 


Cee Cawan ASA 0. ar ichT, 


log R 


log R, 


log Ry; tL -~~ 


T, lig 
100 = log Re—-R; 


a can be calculated from 


4=0.4343 ° To-Ty 
where R; and R2 are points on the tangent 


1 dR 
R dT: 
scale: 


%/°C 
andT 


and T2 are the corresponding temperatures. 
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PTC Thermistors 


In the data sheets the maximum temperature 

coefficient is given, this is the a measured at the’ 

point of inflection of the log R-lin T characteristic, 
d?logR 

i.e.the pointwhere  qjt2 =O, see Fig. 13. 


log R 
log Re 


point of inflection 


Fie} 1}: 


4 
inflectional tangent 
I 


log R 


Ty Te 15 


When one resistance decade is taken (R2 = 10R1) 
the formula reduces to 
100 1 

a= 0.4343 °Te-T, © 
Thermal time constant (7) 
The thermal time constant represents the time 
required for a thermistor to change 63.2% of 
the total difference between its initial and final 
body temperatures when subjected to a step 
function change in temperature under zero- 
power conditions. 
The + given in the data is found as follows (for 
Tg25°G); 


Measure T1, the temperature of the PTC at Vmax, 
at an ambient temperature of To = 25°C; Ts is 
known, so 7 can be calculated from: 
t 
In (T1-To)/(Ts—To) ’ 
where t is the time required for cooling the PTC 
from T; to Ts in still air at 25°C. 


Voltage dependence 

PTC thermistors show a voltage dependence. 
This effect can be explained with the aid of a 
parallel connection of an “ideal PTC” having no 
voltage dependence and an “ideal VDR’”’ for which 
the relation between voltage and currents is: 
V=C.Ip 

See Fig. 14. 


V=C(I')B 
ideal VDR: V = C (11)4 


ideal PTC: y =|"R 
Fig. 14 
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PTC Thermistors 
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These lines coincide with the PTC curve (mea- 
sured under pulse conditions to avoid internal 
heating) at low voltages where the ohmic behaviour 
is the deciding factor, and at high voltages where 
the VDR effect becomes more significant. 

Two aspects of the voltage dependence are 
specified in the data sheets: 


Balance voltage (Vp) 


Where the two straight lines intersect, the current 
through the ideal PTC is equal to the current through 
the ideal VDR. The voltage at which this occurs 
is called the balance voltage V, and is specified 


at a certain temperature. 
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Plotted on log I-log V scale at an arbitrary constant 
temperature the ideal PTC and the ideal VDR 
characteristics are straight lines, see Fig. 15. 


Voltage dependence ({) 
The £ of the ideal VDR is a measure of the voltage 
dependence of the PTC and can be calculated 
using the formula: 
es log V3/V2 
B = 10g (Is—V3/R)/(lo—V2/R) 
where V3 and V2 are pulse voltages > Vp and R= 


V 
a measured at Vi < 1.5 V (d.c.). 


B is also specified at a certain temperature. 

Vb and B are useful parameters for estimating 
the voltage dependence of a particular PTC 
thermistor. 
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PTC Thermistors 


HOW TO MEASURE PTC THERMISTORS 
As PTC thermistors often show a very high tem- 
perature coefficient especially at high tempera- 
tures, measurements at these high temperatures 
must be carried out with particular care. Even 
an error of 0.1°C can give an error in resistance 
of a few percent. Specially calibrated thermom- 
eters have to be used. Stem correction has to be 
applied; deviatons of more than 0.1°C may result 
if it is not used. The stem correction formula for 
fluid thermometers is: 
Tck=AT ORs LuwTorseabh ia) 
where: Tc = corrected temperature; 
To = observed temperature; 
Tm = mean temperature of exposed stem; 
L =length of the exposed column in K 
above the surface of the substance 
whose temperature is being deter- 
mined; 
F =correction factor. 
F is approximately 0.00016 for a mercury ther- 
mometer. 
For example with To = 110°C, Tm = 70°C and 
L=50K: Tc = 110.32°C, thus without stem correc- 
tion an error of more than 0.3°C would have been 
made. It is also necessary to measure the resis- 
tance with a voltage below 2 V in order not to 
heat the PTC and also to diminish voltage-depen- 
dent effects. 


Tolerances 
The resistances of standard PTC thermistors are 
specified at 

(i257 C. 

(2) Atemperature above the switch temperature. 
The switch temperature is also given. 
For each standard type tolerances are specified 
for Rzs and the high-temperature resistance. The 
tolerance on switch temperature is not specified; 
normally it is only a few °C. 
Special types are often specified according to 
the requirements for the particular application. 
The PTC thermistors for motor control, for in- 
stance, can be specified at a high temperature 
with a rather close tolerance, while the tolerance 
below the switch temperature, being less impor- 
tant, is much greater. PTC thermistors for current 
limiting applications are in most cases specified 
in terms of voltage and current. 
It will be clear that the specification and the tol- 
erances of PTC thermistors depend on the appli- 
cation, and are not limited to the standard range 
published in this book. 
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PTC Thermistors 


APPLICATIONS 

The applications of PTC thermistors can be clas- 

sified in two main groups: 

- Applications where the temperature of the PTC 
is primary determined by the temperature of 
the ambient medium. 

- Applications where the temperature of the PTC 
is primary determined by the current through 
the PTC thermistor. 

The first group comprises applications such as 
temperature-measurement and control and cir- 
cuits for protection against excessive tempera- 
tures (e.g. motor protection). 
The second group includes applications such as 
current stabilization and current sensitive switch- 
ing or overload protection, relay retardation, fluid- 
level indication and circuits for protection against 
over-voltages and short circuits. Also heating 
applications. 


Advice 

Do not apply a voltage above Vmax to the PTC, 
since this may destroy the thermistor. 

Do not connect PTC thermistors in series in order 
to obtain higher voltages or wattages: this may 
cause one PTC to heat up faster than the other(s) 
resulting in too high a voltage across this par- 
ticular PTC. 

If special PTC characteristics are required which 
cannot be found in this book please specify your 
requirements as they can perhaps be fulfilled by 
one of our non-listed types. 
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Application Examples 

Protection against over-load or current sensitive 
switching 

As soon as the current increases the PTC limits 
it to a safe value. 


+t? 


load 


Spark suppression 

A PTC across.the switch acts as a spark sup- 
pressor. When the switch opens the low resis- 
tance of the cold PTC prevents sparking. 


639 


S10}SISAaYy 4eaUIT-UOLy CJ 


S402SISAY 4eaUIT-UOfy | C0 | 


PTC Thermistors 


Current stabilization 

By using a parallel resistor a current stabilization 
circuit is obtained that compensates slowly vary- 
ing supply voltages. 


+t° 
Delaying action relays { 
A certain time after applying the voltage the relay 

is activated. 


Temperature protection of electric motors 
As soon as one or more windings become too 
hot the motor is switched-off. 


ell p 
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PTC Thermistors 


Alarm installation 
The PTC reacts on ambient temperature (too low 
or too high). 


+t? 
Time delay circuit 
When the button is pressed the relay is activated 
and the lamp lights up. After some time the relay 
falls off due to the increase in resistance of the 
PTC. 
+t¢° 


Liquid-level indication 

The PTC thermistors above the fluid-level will be 
heated to a temperature above Tswitch. When 
immersed they are cooled so that their resistance 
reduces. 


Temperature compensation of transistor circuits ao 
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PTC Thermistors 


Thermostatically-controlled heating circuits 
Two principal circuits are possible. In the first 
circuit the PTC thermistor acts as a control ele- 


‘mentand asa heater atthe same time, while inthe 


second circuit it functions only as a control 
element. 


Protection of a stalled electric motor against 
overheating. 

The increased current heats the PTC to its switch 
temperature. As a result the total dissipated 
power is reduced to a safe value. 


Loudspeaker protection 
Protection of squawker and tweeter in a 3-way 
loudspeaker system. 


O + 


Ch woofer ae squawker 


(oz) 
Py 
NO 
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PTC Thermistors 


Heating 


As used in hair curlers, heating plates. 


heat flow 


_—— thickness —————» 


Fig. 1. 


Ceramic elements with a positive temperature 

coefficient are particularly suitable for heating 

elements: 

- they are self-regulating, so don’t need thermo- 
stats to limit or stabilize temperature, 

- they warm-up fast, 

- the dissipated power is virtually independent 
of supply voltage. 

The behaviour of PTC heating elements cannot 

easily be concluded from the R/T or V/I curves, 

because the temperature of the element is not 

homogenous during operation. In addition, the 

mounting has considerable influence on this be- 

haviour which includes the dissipated power, the 

relevant temperature and the extent of the power 

regulation. 

The uneven temperature profile across an element 

is due to the increased cooling of the faces of the 

element. This means that the inner temperature 

is usually higher than T, whereas the upper and 

bottom temperature is lower than Ts. 

Fig. 1 shows a typical temperature profile across 

a heating element. 


The inner part of the element is high-ohmic and 
there the dissipation is taking place. Consequently, 
heat transfer is from the inside to the faces of the 
element. 

It is possible to make a thermal equivalent circuit 
of a PTC heating system. Such a circuit can be 
considered, also for calculations, as an electric 
simulator, so that an analysis of the system can be 
realized. Table 1 shows the analogy between elec- 
trical and thermal parameters. Fig. 2 shows a sim- 
plified thermal equivalent circuit. 
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PTC Thermistors 


Table 1 


thermal 


electrical 


resistance Rth (K/W) 
voltage Te e{oC) 
current P (W) 
capacitance H  (J/K) 


Fig. 2 Thermal equivalent circuit. 


Using this thermal equivalent circuit, you can: 

- do simple calculations on the heating system 
(because of the resemblance with electrical 
circuits) 

* acquire a good insight in the operation of a PTC 
heater 

* predict the influence of different parameters. 

The power in stabilized conditions can be calcu- 

lated from: 


bs Teétiree sie Tamb (W) 
Rthi + Rtho + Reni 
The temperature of the object is: 


Rthi 
qT =? X LT source Te Tamp] a Tamb (°C) 
Rthi + Rtho + Reni 
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PTC Thermistors 


The time constant of the system is: 
Rin x (Rthi + Rho) 


Rint © Pini © Rino 


aia x 


* Tsource (°C) is mainly determined by T,. The value 


is approx. T, + 25 
* Tamb (°C) is ambient temperature 


* Rin is the internal thermal resistance of the PTC. 


This value is mainly determined by: 
a) dimensions of the ceramic 


b) thermal conductivity of the ceramic (A = 


2.4 W/mk) 


* Riho is the thermal resistance between the sur- 
face of the ceramic and the object to the heated 


and is computed from various parameters: 


a) thermal resistance between ceramic and 


isolator 
b) thermal resistance of the isolator 


c) thermal resistance between isolator and 


object to be heated 


- Rin iS the thermal resistance of the object to be 


heated 
His the thermal capacity of the objeci 


For optimum heating performance, the Ri,. must 


be kept as low as possible. 


For the insulated heating element range 2322 680 0 
... the total thermal resistance (Rij + Rin) is 
approximately 2.5°C, when properly mounted. 


Temperature/power curve 


Another presentation, derived from the thermal 
equivalent circuit is a graphical one; see Fig. 3. 


tym = Reni + Rtho 


Fig. 3. 
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PTC Thermistors 


Influence of ambient temperature, load and mount- 
ing on heating performance 


temp. 


tht 


aT 


4 Tamb 


OP power 


Fig. 4 Influence of ambient temperature. 


temp. 
Reni 
R 
th 
AT 4 
Tamb 
aP power 


Fig. 5 Influence of load variation. 


temp. 


Reh 


ATi 


badly mounted 
well mounted 


The temperature power curve must be as flat as 
possible for the best temperature stabilization 
properties (Ri. as low as possible). 


4T(2 


AP] AP2 power 


Fig. 6 Influence of mounting method. 
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PTC Thermistors 


When a heating element such as 2322 680 04022 
is mounted in an aperture which is too large, the 
thermal coupling will be poor. This results in a 
high value is Riho. 

When a heating element is not heavily loaded, e.g. 
in ahair curler (represented by R},)1) the influence 
of poor mounting is not so severe as for a system 
in which the heating element is heavily loaded, 
e.g. in a pre-heating system for an oil burner 
(represented by Rij). 


Example 

Heating plate using PTC 2322 680 04022. 
Se 
(130) 079 


a 1), (2) 
| 2.38 | v 
& 500 

o=U27) 


Dimensions in Inches (mm) Fig. 7. 


The aluminum plate is 5.12 x 5.12 x .079 (130 
x 130 x 2). The results are depicted in Fig. 8. 


0 
0 (0p 220730 


{ t (min) 
B 


Fig. 8 A = heating plate switched on, unloaded; B = loaded with pyrex 
water jug containing 1 liter, 90°C; ambient air temperature = 20°C 
(constant). 
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PTC Thermistors 


The following data book pages represent ‘‘stan- 
dard” items available. Many “specials” not shown 
already exist and we are always ready to develop 
cost effective solutions to your particular require- 
ments. If you can’t find what you need or if you 
have questions regarding any of our VT&S products, 
contact our factory in Mineral Wells, Texas for 
application and engineering assistance. 
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SERIES 660 
Disc PTC Thermistors 


5% to 40%/°C T. C. of R 50 to 2500 at 25°C 6° to 105°C Switch Temperature 


DESCRIPTION 


Series 660 Thermistors span a considerable oper- 
ational spectrum, in both thermal and electrical 
domains. It features a low thermal time constant, 
providing rapid response to electrical and thermal 
overloads, and subsequent rapid recycling upon §& 
recovery. | | \ 


DESIGN FEATURES 


= Low Time Constant—18 seconds, average, for 
rapid response, quick recycling, upon overload 
or excessive temperature excursion. 


# WideOperating TemperatureRange—aslowas 


TYPICAL APPLICATIONS 

= Temperature Measurement, for analog or digi- 
tal monitoring, recording, and control of equip- 
ment and process operational temperatures. 


Nope , rd Ss; ™ Temperature Compensation in electronic and 
29°C; ashighas 155°C, atzero power. To+55°C electrical circuits, electromechanical devices, 


a full rated voltage. hermetic sealed components, and instrumen- 
@ Six Selectable Switch Temperature Ratings: tation. 


ee 0 00 e105, and 115°C Mpa ns . 
ge and Overcurrent Protection for 
in standard catalog thermistors. light electronic and electrical loads. 


a Beiature Size—maximum diameter .236 = Ambient Temperature Alarm for high or low 
@ Thermistors are lacquer coated. temperatures (outside a selected range) in 
Critical circuitry, components, or processes. 
Range 


Thermal 
Resistance” Switch** At Zero emperature| Dissipation Time 
at Temp. Resistance Temp. Power Coefficient Factor Constant Color Part Number | Voltage 
+25°C (°C) (Q) (°C) (°C) (%/°C) (mW/°C) (sec) Band 2322- (DC) 


2500 80° 3.7K 30% +6° = |-25°to +155° | +5% 17 none 660-91001 | 25 
425% 
600 125° 3-15K 430° |-25°to +125°| +7% 7 20 660-91006 | 25 
+30% 

0 

0 


*Measuring voltage: 1.5 V to avoid self heating. **Temperature at which the resistance is twice the minimum resistance. 
++55°C maximum at maximum voltage (25 VDC). 
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TYPICAL ELECTRICAL CHARACTERISTICS 


Resistance” 
At Other 
Temperatures 


Operatingt 
Temperature 
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SERIES 660 


Disc PTC Thermistors 


RESISTANCE vs TEMPERATURE 
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B: 660 91006 Measured at 
C: 660 91007 Tamp = +25°C and +55°C 
D: 660 91008 as indicated 
E: 660 91009 
ane) 195 | | i F 


660 93001 


= 


VOLTAGE (VOLTS DC) 


DIMENSIONS AND MARKING 


236 177 
(i) (4.5) 
max. max. 


| Series 660 thermistors are 
marked with an identifying 


color band as indicated at left, 
b| sees and in the table on previous page. 


seourz-uoy [oe 


| 


SIS9 


S40} 


650 


.020 
(0.5) max. 


Dimensions in Inches (mm) 
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SERIES 661 


Disc PTC Thermistors 


9% to 75%/°C T.C. of R 30 to 500 at 25°C +25° to 110°C Switch Temperature 50 Volts maximum 


DESCRIPTION 


Series 661 Thermistors offer a range of four well 
defined, switch temperatures between +25°C and 
+110°C, and are characterized by a relatively 
steep slope in the resistance/temperature char- 
acteristic beyond the switch point, over the normal 
operating region. This feature, plus the liberal 
—25°C to +125°C operating temperature range, 
and the ability to operate at up to 50 Volts DC at 
temperatures to +55°C, makes the Series par- 
ticularly well-suited to thermostatic uses, as well 
as stabilization and equipment-protection appli- 
cations of many kinds. | 


DESIGN FEATURES TYPICAL APPLICATIONS 


# High Temperature Coefficients, for high sensi- ™ Current Stabilization, by paralleling a conven- 
tivity in the selected operating temperature tional resistance in series with a power supply 


range. bus, to compensate for slowly varying supply 
™ Wide Temperature Range: —25° to +125°C at _—-voltage. 
zero power; to +55°C at full rated voltage. # Thermostatic Control of temperatures in 


™ Wide Range of Switch Temperatures: +25°, | household appliances, industrial processes. 
+45°, +80°, or +110°C, for choice of effective @ Temperature Protection against high or low 
region of operation. temperature excursions in equipment or pro- 

= Thermistors are lacquer coated. cesses, by alarm and/or equipment shut-down. 


TYPICAL ELECTRICAL CHARACTERISTICS 


Resistance” 


‘ At Other 
Resistance* Temperatures Temperature > ae Thermal 
At Switch** Coefficient Dissipation Time 
+25°C pera Resistance Co | of R Factor Constant Part Number 
(£150) (Q) (%/°C) (VDC) (s) Band 2322- 


pe om ref fe Pele fo fol oom 
ce 
ce 


*Measuring voltage <1.5 V to avoid self-heating. Operating temperature range: —10° to +125°C at zero power; 0° to 55°C at Vmax. 
**Temperature at which the resistance is twice the normal resistance. 
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SERIES 661 


Disc PTC Thermistors 


RESISTANCE vs TEMPERATURE 


A: 661 91002 
B: 661 91003 
C: 661 91004 


D: 661 91005 


RESISTANCE (OHMS) 
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CURRENT (MA) 
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T 
meer at 25°C L 


A: 661 91002 Measured at 


| 


B: 661 91003 Tamb = +25°C and +55°C 
C: 661 91004 as indicated 
D: 661 91005 


igi Bere | 
L| 


VOLTAGE (VOLTS DC) 


DIMENSIONS AND MARKING 


.293(7.5) 
max 


-197 
(5) 
max. 


Series 661 thermistors are 
marked with an identifying 
color band, as indicated at left 
and in table on previous page. 


4eaulz-uoN C0 


| 


SIS9 


S40} 


652 


iF 


1.733 
(44) 
min. 


| Dimensions in Inches (mm) 
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SERIES 662 
Disc PTC Thermistors 


23% to 35%/°C T.C. of R 36 to 1200 at 25°C 
DESCRIPTION 75° to 115°C Switch Temperature 


Series 662 Thermistors are special designs 
featuring low cold resistances, high operating 
voltage ratings, particularly for pulse applications, 
and high switch temperatures. Their large positive 
temperature coefficients and long time constants 
are of significant value in protective circuitry, 
and time delay functions. 


TYPICAL APPLICATIONS 


@ Spark Suppression. Type 662-91022 finds wide 
application in protection of switch and relay 
contact, particularly in telegraph relays. As 
diagrammed at right, when the contacts open, 
the low resistance of the cold thermistor pre- 
vents sparking by minimizing the voltage 
appearing across the contacts. 


@ TV Degaussing Circuits. Types 662-93036 and 
93066 may be connected in series with the 
degaussing coil, with both shunted by an NTC 
thermistor, as shown in the adjacent diagram. 
Initially the NTC has a high resistance, the PTC 
a low resistance; this provides a high initial 
degaussing current. 


Because of their large physical size, the 662 
Series can be used to achieve longer time 


LOAD 


delays, or as self-regulating heaters for com- AC a eS 
ponents and ovens. As a heater, they can also LINE SUPPLY 


activate bi-metallic controls. 


TYPICAL ELECTRICAL CHARACTERISTICS 


Resistance* 


At Other 
Resistance* Temperatures Temperature 
At Switch** Coefficient Dissipation Maximum 
Zo G Temperature Resistance | Temperature | of Resistance Factor Voltage 
(Q) (°C) (O) (°C) (%/°C) (mW/°C) (at 55°C) (2322) 


aR bee <120 
36 to 50 Opel; >20K a i5cG +35% 13 180 VDC 662-91001 
(180V pulse) 
+75°C <160 
>45K sa) haye +20% 20 110 265 VRMS 662-93036 
(330 Series 
Resistor) 


45 to 60 150%F 


(340V pulse) 


+72° 
80 to 120 +85° +75° 35% 15:33 265 VRMS 662-93066 
+150°t (332 Series 
(380V pulse) Resistor) 


70 to 100 100° <200 +120 +35% 15 145 460 VRMS 662-93006 
; (300 OQ Series 
Resistor) 


“Measuring voltage: 1.5 V to avoid self heating. Operating temperature at zero power, 0° to +155°C; 60°C maximum at maximum voltage. 
t+Pulse measurement without self-heating. 
**Temperature at which the resistance is twice the minimum resistance. 
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SERIES 662 


Disc PTC Thermistors 


RESISTANCE vs TEMPERATURE 
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A: 662-91001 Curves below are measured 

B: 662-93036 at. 1.5 VDC 

C: 662-93066 Curves at far right are 
measured with 340V pulse or 

D: 662-93006 650V pulse 
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VOLTAGE vs CURRENT 


fi aaa ace 


A: 662-91001 Measured at i — 


aw L SNS Fey 
| B: 662-93036 Tamb = +0°C, 25°C, 60°C, 85°C é | 2, of 
C: 662-9306 as indicated —_=> 

D: 662-93006 | eels ior 


BIN pewge = 
| ae 
PC = 


VOLTAGE (VOLTS DC) 


CURRENT (MA) 


| 


DIMENSIONS AND MARKING 


.594in Part Number 
(15) (2322) 


max. H 


D 
masculine max. 
none 
(disc only) 
Blue, 
green band 


seaury-uoy [9 


2.0 in. 662-93066 Red band 
(51) 
Thermistor body is lacquer coated (Except 662-93066 & 662-93006) 


| ei 


(0.8) 


Dimensions in Inches (mm) 
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SERIES 662-96 
PTC For Degaussing 


DESCRIPTION 


The Series 662 PTC for degaussing was designed 
to provide economical & reliable color monitor 
degaussing. 

The colour purity of a television picture can be 
affected by residual magnetism in the tube’s inter- 
nal shielding, shadow mask, etc. This is caused 
by extraneous magnetic fields from domestic 
appliances, local high-powered electrical equip- 
ment or the earth’s magnetic field. The tube is 
“degaussed” each time it is switched on by 
applying a strong alternating magnetic field, using 
coils surrounding the tube, which gradually and 
symmetrically decays to zero. Hence, the current 
for the degaussing coils must be large initially 
but decay to a small steady-state value. This cur- 
rent is produced by a PTC thermistor circuit which 
may use two thermistors in intimate thermal 
contact, one thermistor being used to heat the 
other and further reduce the residual current. 
The circuit can be made smaller by replacing the 
PTC/parallel resistor combination with a dual- 
PTC of the type shown in Fig. 1(b). Besides reducing 
the number of components, this also improves 
reliability. Dual PTC’s result in lower residual cur- 
rent than mono PTC units. 


(a) Conventional circuit (b) Modern structure 


t (20ms/dw.) 
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SERIES 662-96 
Dual PTC For Degaussing 


Residual Dimension 
Current |Inches (mm) 
Part Number = | Figure 2 


2322-662-96009 ; ; : 124 (18.4) 


2322-662-96011 724 (18.4) 
2322-662-96012 . 724 (18.4) 
2322-662-96013 724 (18.4) 


2322-662-96016 ‘ ‘ 124 (18.4) 
2322-662-96022 ; : .124 (18.4) 
2322-662-96024 : f : 124 (18.4) 
2322-662-96111 ‘ .807 (20.5) 
2322-662-96116 i E 807 (20.5) 
2322-662-96118 : .807 (20.5) 
2322-662-96121 ; : .807 (20.5) 
2322-662-96123 ‘ ; 807 (20.5) 
2322-662-96124 ; 807 (20.5) 
2322-662-96125 : 807 (20.5) 
2322-663-96101 i i 807 (20.5) 


All dimensions in inches (mm) 
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SERIES 66. 


PTC Thermistors for Current Overload Protection 


DESCRIPTION 


Fast, reliable overload-protection is the hallmark 
of these thermistors. Selecting the right thermistor 
is simplicity itself. No more complex tables of 
data, curves and tedious calculations of resist- 
ances and voltages—these thermistors are 
selected on the basis of current alone, like fuses. 
Furthermore, they don’t have to be renewed when 
normal load conditions resume, but can be easily 
reset like a circuit breaker. They provide the same 
high level of protection every time it’s needed 
even down to a 40% current-overload (at 25°C). 


Selection is simple because we specify guaran- 
teed current switching levels. These range from 
afew mA to more than 1 Ain a continuous range. 
All levels are well defined and stable over ther- 
mistor life, and ensure you choose the right 
thermistor every time. Once you’ve decided on 
the voltage rating (265 V or 56 V), you select 
on the basis of maximum overload current, 
nothing more. And that’s all you need to know 


to start designing with this new range. 
Table 1 
Vmax at +55°C = 265V; Ts = + 120°C 


Vit Vat?) Dimensions, see figure 1 
part at55°C | at25°C | at 10°C | at25°C inches (mm) 
number’) (mA) dia d t 


2322 660 11293 : 4 120 177 (4.5) | .197 (5) |.150 (3.8) 
2322 660 11593 : 2 120 177 (4.5) | .197 (5) |.150 (3.8) 
2322 660 11893 : : 120 177 (4.5) | .197 (5) |.150 (3.8) 
2322 660 12293 3 b 120 177 (4.5) | .197 (5) }.150(3.8) 
2322 660 12793 : E 120 177 (4.5) | .197 (5) |.150(3.8) 
2322 661 13393 i ; 220 .256 (6.5) | .197 (5) |.150(3.8) 
2322 661 13993 : : 220 .256 (6.5) | .197(5) |.150(3.8) 
2322 661 14793 : : 220 .256 (6.5) | .197 (5) }|.150(3.8) 
2322 661 15693 : : 220 .256 (6.5) | .197 (5) |.150(3.8) 
2322 661 16893 ; : 330 -315(8) | .197(5) |.150(3.8) 
2322 661 18293 : ; 330 {.344(8) | .197(5) |.150(3.8) 
2322 661 11013 : 330 #7 7.315(8) | .197(5) |.150(3.8) 
2322 662 11213 , E ; 480 | 204 (10) | .197(5) |.150(3.8) 
2322 662 11513 : h ; 68G 472 (12) | .197 (5) |.150(3.8) 
2322 662 11813 4 ! ! 680 472 (12) | .197 (5) }.150(3.8) 
2322 663 12213 ! ‘ 850 | 512 (13) | .197 (5) |.150 (3.8) 
2322 663 12713 i 1 73600 .630 (16) | .197(5) }|.150(3.8) 
2322 664 13313 i : 2400 .787 (20) | .236(6) }|.189(4.8) 
2322 664 13913 3 4 2400 .787 (20) | .236 (6) |.189 (4.8) 


2322 664 14713 : E : 2400 .187 (20) | .236 (6) |.189(4.8) 


Dimensions, see figure 1 
inches (mm) 
dia d rane 


177 (4.5) }.157 (4) }|.110(2.8) 
-177 (4.5) }.157(4)  |.110(2.8) 
177 (4.5) |.157(4) |.110(2.8) 
.256 (6.5) ].157(4) }.110(2.8) 
.256 (6.5) |.157(4) }.110(2.8) 
.315(8) |.157(4) |.110(2.8) 
394 (10) }.177 (4.5) }.130 (3.3) 
2322 662 12211 -472(12) |.177 (4.5) |.130 (3.3) 
2322 662 12711 ; : .472(12) }.177 (4.5) }.130 (3.3) 
2322 663 13311 : : : 512(13) |.197(5) ].150(3.8) 
2322 663 13911 i i .630(16) |.197(5) }.150(3.8) 
2322 663 14711 : ’ i .630(16) |.197(5) }.150(3.8) 
2322 664 15611 d H ; .787 (20) }.236(6) }.189(4.8) 
2322 664 16811 : : ; .787 (20) |.236(6) }.189(4.8) 


2322 660 15691 
2322 660 16891 
2322 660 18291 
2322 661 11011 
2322 661 11211 
2322 661 11511 
2322 662 11811 


OOMNYNYNADD 
a 


1) Replace the eighth digit (1) by a zero for the part number of a leadless thermistor. 
2) |, and |,; are limits for the thermistors mounted according to IEC TC40. The values at 25°C are given as a practical indication of performance. 
3) The high current rating of the low-voltage range means that these thermistors protect against short-circuit currents from any voltage source up to 18V. 
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SERIES 66. 


Figure 1 


.197 +031 
—008 


217 
(5.5) max. 


Leer 


(+0.8) 039 
~ ©) (-0.2) (1.0) min 


||. 024 
(0.6) 


Dimensions In Inches (mm) 


Leaded thermistor. Types with a diameter less than 12 mm are available 
on radial mounting tape. 

To order taped thermistors, replace the eighth digit of the part number 
(1) bya3. 


Leadless thermistor. The faces of each disc are metallized. 


Terminology 

Vmax the maximum a.c. or d.c. voltage that may 
be applied to the thermistor under specified 
conditions 

F load current 

hy Overload current 

Imax the maximum permissible thermistor 
current at T,.,, = O°C. 

[nt not trip current: the guaranteed maximum 
rm.s. Current at which the operating point 
of the thermistor will be in the low-resistance 
region, specified at a high ambient 
temperature (+55°C). 


F trip Current: guaranteed minimum r.m.s. 
Current causing the operating point of the 
thermistor move from the low-resistance 
region to the high-resistance region, 
specified at a low ambient temperature 
(eA'O2C): 

residual current at V_.., and at T,,, =+10°C. 

R55 typical thermistor resistance at 25°C. 

T, | switching temperature: the higher of the 
two temperatures at which the thermistor 
resistance is twice the minimum resistance. 

D dissipation factors: the amount of heat 
dissipated for each degree Celsius of 
difference between the temperature of 
the thermistor body and the surrounding 
atmosphere, measured in still air. 


(15.7) min See Table 2 for dimensions b, d and t. 


thermal capacity of the thermistor. 
thermal time constant of the thermistor, 
equal to H/D. 


Leaded thermistors 

Leaded thermistors may be hand or machine 
soldered using a 50% Sn/Pb solder. Maximum 
solder temperature is 240°C for up to 4 s. 


Leadless thermistors 

The faces of leadless thermistors are metallized 
for solderability. Before soldering, it is recom-_ 
mended that the thermistors are heated to 100°C. 
While soldering, apply heat evenly to the whole — 
of the disc face. Use a 50% Sn/Pb solder and ~ 
a flux containing colofonium and ethyl alcohol. — 
Maximum solder temperature is 270°C for up to 
4s. | 


Soldering 
| 
; 
| 


Note: These thermistors are for applications where current overloads 


are due to fault conditions or equipment misuse. They are not suit- 
able for applications requiring repetitive switching of the thermistor. 
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SERIES 66. 


RESISTANCE/TEMPERATURE CHARACTERISTIC 


103 


= OU Oinne25 50 100 J, 150 200 250 
switching TAG) 
temperature 


+6 


Supply voltage 


(above) Typical resistance-temperature characteristic of a PTC therm- 
istor. The strong positive temperature coefficient of resistance can be 
used for either current-sensitive switching or temperature-sensitive 
switching. 


The thermistors in this brochure are current sensors—overload currents 
heat them, increasing their resistance. Always connect them in series 
with the load to be protected (right). Contrast these thermistors with 
indirectly-heated thermistors, the latter don’t carry load currents, but 
sense them by their heating effect. 
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SERIES 66. 


DESIGNING WITH PTC OVERLOAD 
THERMISTORS 


Thermistor requirements 

The thermistor should: 

@ have no effect on circuit operation for currents 
up to the normal maximum load current, at all 
temperatures up to the maximum ambient 
temperature Tamb max: 

m have high resistance at currents higher than 
the defined minimum overload current, at temp- 
eratures down to the minimum that will be 
experienced. 


How to select the right thermistor 

1. Define the maximum load current of the equip- 
ment at maximum ambient temperature 
(I, max at lene eos 

2. Define the minimum overload current at min- 
imum ambient temperature (ly min at Tamb min): 

3. Determine the minimum required |, at 55°C 
using the correction factor C,;, read from the 
graph, for |, at Tamb max: 
minimum required |,; at 55°C = 14 max/Cnt- 

4. Choose the first thermistor, in the correct volt- 
age range, having |, (at 55°C) higher than that 
calculated. 

5. Determine |, at minimum ambient temperature 
for the chosen thermistor using the correction 
factor C, for |: 

F at Ven min — F at 107C x C;. 
|, at Tamb min Should always be lower than loy min 
at amb min: 

6. Test the thermistor in circuit. Mounting therm- 
istors near hot components or in warm air 
streams can effect switching performance. For 
reproducible results, always mount the therm- 
istor up to the kinks in their leads. 


Design example 
Protecting a triac-controlled motor from damage 
should the triac conduct on alternate half cycles 
only. 
Motor: 220/240 V a.c., 40 VA. 
1.Maximum load current |; ma, at maximum 
ambient temperature (35°C) 
360 mA (true rm.s.) 
2. Minimum overload current Ioy min at minimum 
ambient temperature (15°C) 
800 mA (true rm.s.) 


660 


1,5 
’ "1 
Correction ce | 
factors a 
CH Cat 1,4 — 


y, Specification 
7! value 


Lo 
eee 
Tamp (°C) 


Correction factors for |, and I, for different ambient temperatures. 


3. Correction factor for I, at 35°C 
So, the minimum required I,; at 55°C is 360/1,2 
= 300 mA 

4. Select the first thermistor in the range having 
0,t at 55°C higher than that calculated—the 
330 mA type (2322 664 13313). 


5. Check that the maximum load current at maxi- 
mum ambient temperature won't switch the 
thermistor, and that the minimum overload 
current at minimum ambient temperature will 
switch it: 
lat at 35°C = lat at 55°C X On 
= 330 x 1,2 = 396 mA. So the maxi- 
mum load current (860 mA) won't 
switch the thermistor. 

I, at 15°C = I, at 10°C x C; 
= 660 < 0,97=640 mA. So the min- 
imum overload current (800 mA) 
will switch the thermistor. 
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SWITCHING TIME 


When an overload current flows through a PTC 
thermistor, a short time elapses before the therm- 
istor heats up to its high-resistance state and 
starts limiting the current. The switching time t, 
is defined as the time for the thermistor body 
temperature to reach the switching temperature 
T, after an overload has occurred. 
t, depends on: 
@ the overload current 
@ the normal load current 
@ the thermal capacity of the thermistor and the 
heat lost by the thermistor to the surroundings 
Normalized switching times for various load and 
overload currents are shown in the graph on 
the right. The absolute value oft, for a particular 
thermistor can be evaluated using the value of t 
given in the Range Tables. Switching time 
increases with increasing thermistor size (larger 
thermal capacity H) and decreases with increas- 
ing overload current. 
When there is no preheating of a thermistor due 
to a normal load current (for example, when an 
overload occurs as an equipment is switched 
on), |;/l, = 0. 


How to calculate switching time 

For the 2322 664 13313 thermistor chosen in 
the design example: 

t= 150 s, 

and Ii typ at 25°C = 522 mA. 

Typical load current of the motor was 300 mA 
and typical overload current 850 mA. 
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0,8 


0,6 


0,4 


0,2 


lov/Ik 


Normalized switching times of thermistors for various load and overload 
currents. All currents are typical. Overload is approximated by a step 
function change of load current as often occurs in practice. 
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SERIES 66. 


GUARANTEED 
CURRENT SWITCHING LEVELS 


I at +10°C 


normal 
Operation 
load line < Ime at 455°C 
representing normal 
maximum load current 


Guaranteed |; and I,; levels ensure: 

@ that the operating point stays within the low- 
resistance region of the voltage-current char- 
acteristic for all currents up to maximum load 
Current (point A). 

m@ that the operating point moves to the high- 
resistance region of the characteristic (point B) 
for all currents higher than the minimum over- 
load current. cs 

All thermistors in this brochure have I, (at 10°C) 

Int (at 55°C) 
<2, guaranteed; protection no ordinary therm- 
istors can match. 
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Current Overload Protection 


Typical resistance/temperature characteristics. 


cl Non-Linear Resistors 
© 


66 


: 
4 e 

250 
T (°C) 


ss 
=| 
: 
200 


== 
=a 
=z 
= 
a 
IT | 
i 
'S 
= 
if 
150 


f 
S 


PSs 
7A 
i 


Sa 
100 


i 


50 


. 
i 


== 
Mm 
0 


* Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 * (817) 325-7871 * FAX: (817) 325-1052 


2322 660 11593 


tt 


[Mosan 
im 
sas 
s2= 
pooresi 
5 == 
== 


10 
10 


oO 
wo 
PM MT GE A a 
aisles nee 8 1008 oe eT] oh IB fae | teal 
1S a 08 GE oy 
1S 1 i Man LET Tole Ned og 
Damas 0 EH A 13 Cae | Ses 0 ee ees 
7 Itt te tt tt} It +} tt 
i a TT ue TIS. TH Ee 
eae A Se a a 1S NS SS GT AS Os ee 
iiss ead i 000 Le es es 
ha H SS 10P OE 90 
ait a DES eS LS ee 
=] in Tee am PEC ttt It 
ee 19°18 Bi ee nae SP ors Sec L a 
EG 1029 Oo (EE 3 Ce eS a 8 TE 
nee £010 1 Pe STN otal fs bones Se 
10°16 cal EO 0 2 1 8 2 VG 
(1 sb 11 00 6 1 00 FB NR FP 
| HEE HH Wy HH] Hl 
i aa a 12 yO 1 S| EN Hee 
+Ht+—~ A eR 12 0 18 NE ee ee 
Sal 1080 8 NS 9S 00 1 A ee 
Ejeser] OE ee 1 6 a 11 NH 1] IR 
a A ned ue TY 
foal TT 
idles ae 3 
TT 
i 
ea a (60 


2322 660 11293 


Ls o 
i=) °o 


ce = = = SS 


Philips Components 


Typical resistance/temperature characteristics. 


Current Overload Protection 


SERIES 66. 


N 
mn 
° 
- 
r) 
4 
° r) 
1Q0 0 a as 1 a | SiGe = 
1 A a 88 8 4 § 5 - 
Ren 1m a rT 80 a OP 8 2 = 7) 
—++—~ 1 C10 a 8 8 0 ech 
io 098 10 8 a P17 CAR SN I eS] e x 
ct EN NS ST lo) aR UT fa Se < 
Sot 108 9 ER 8 08 A 1 es | Se sd (AN CE | ee Le 
t+ Ts TSS : 
Tie to tal (SE ies 100 oe | ee = 
Ho 1p A em ae] I 10 a ee ‘ 
teeta Ce TS 2 © 
Se 1A 10 S 
—a cake a FE A 1608 a 10 FC 8 Cs “ 
‘oor TAS. AS Se; 
4 SERarn ine 108 16m a eye nae WT Nigs . @ 
(080 6 el ee CT 5 WI pip pth fe Ett ed = 
2s = 5 8 | NGS SS ee = 
i000 aE it EEE eS | Es Eales Seater ry 
pep th r— 0 0 a 1 0 = 
R00 A 58 OO Ts |S EE ee ° 
inne ek 8 
tet pt — pete te tthe pe $EE Tt eV oe fS 
— + f= Se ese Ss Mees A S 
== ote 7 om 18 00 8S ER ER BES Ne See © 
tet - ah = PO 0 Md 
ait 100 8 a I 190 0 eT 1 A | Ee ee 
te A+ ott Tt ED 0088 Oo a 0 a SE ee rad 
De ea 10a Stttttet tit |} ee 1 Sm S 
185 a 108 RE 0 OR Co tt iC) 
10 | SF 110m eee Eso 2 
@ ~ © wo 7 Le) N = 
S Mean us eB 2 = e a = 
ia be 
o 
e 
° 
; 2 
oO 
N ees x 
tT S finn S “e 
it € ein es a 
: 
Mt - a - g 
8 Hn inn el ak PS a 
= N Wine TT ES Bear nd 
it i008 HT a] 
nee in § 
too [ itae i 
To TT 2 i th ° & 
TT TT] [eae seb ire i ry = t 
Nea Eas oe Moe ia ° 
ms semeameiicen 1 To in B 
so S== IH 1000 0 A = 
USD Te al aa Fas 2 10 1100 ER es ee ea ee Wd < 
i=) . 
poe fo Goi aco) aon pete V1? o PY 
002 ad eed LUE ha co ale a ca : 
Cd 
PT pe a emmy fof 2 108) alll = & 
100 nara ee tae HT @ 
Tae — ap Nika OS ae ° 62 ° 
t+ 7 (ite ea oa < 
-  IDTE BR eS Ty HH £ 
2 Hie i as ® ie eet 
afi tTt tT Bees) o Hee = fe 8 
ye SOC es eas Ce) = OT HUTT TT ° rs 
euITTT |. [ Fai) S if a a / a 
(lIDGb Ee] (elem | il so iis a joi 3 
N ~N —= 
atl] eas HH] S es Oe | ‘e 
ait i 26 iia TTT ae a. 
MICO Series) bees Tih il ° aI LT TT (aes ey 
@ nt © w + ” N [--) tn o wo + o N 
° = ° °o ° ° ° om oO = ° ° ° ° ° o | 
- ac G — — - - - =, a e =_— - — - - = 
bs 
© 


| 00 | Non-Linear Resistors 


SERIES 66. 


Current Overload Protection 


Typical resistance/temperature characteristics. 


: 
7 


0. Non-Linear Resistors 


665 


2 a RE 12 0 a 0 SE 10 RR 10 A 1 - Lite ma 
0 0 a R81 SS 12 ER 0100 170 HH © 
IE Eas ee NLS SS Mie SMS Tlie aaa 1 = 
1s 17 a SR 0 RE 0 6 RE 1 0 an = 
Ki Ss eS ita iii BES |i Ss atc 
iS aL CS SS SSeS SS i 
1 Eee ee NES SE SS Satz Ss H 
in SS ese iS El ES Sis ALES! 
COE ee, SE |e Sa a a a | trp SI 
ila Rone Se (0b SE es ee Ho 
(ite OE Be pop oS a ae LY 
Tan ATA a ef i ea fess | eH] ua me 10010 | 
TT | (eS 1S i Se Ss . 
ty | NIGER Ss NS Sen Ee. ESS a (99) 
Di Ss i Sa — 
Se CC aS a ah ae i > 
CE eS i ae 0 es a iL 
CET eS ae CC ae ee) 
CCE a 00 a A 19 A 8 a A 1), 
tia Ss Sa La asa 
LE ee LE a a 1 a a 
~ iit SES ie Ss Nee (italia 
(EEE ES ll SS SEE) Meee 
q ESS eS Ss ee =) MI sees 
TBS ile Rs PE ile Ss (Mi Sa ee © 
§ eS ES SS El Sa eS Ss la 
Ct Ss ew A 
eS RB RS 6 I a A 0 00 
CL a 20 A RR 00 A 7 A 1 1 
IMEEM ile ES a ee ees 8 
2 «G@ 2% R 2 ® = ci eg 


pt 
UMTCR ISS ttt Sa 
ait aa ioo 
iat it ene [0 as DI aS | 
UT UT 
. NS KIC Ee ee 
S UW WT 
(Sea iti ers 


SS 
Ue) 


SS 
A 
= 
ap 
| 
/ 
V, 
: 
= 
we 


=> 
= 


Ss 
: 
| 

= a 
A 
: 
= 


a 
LD 


a 
===== 
ie 

TL 
Fig. 12 


= 
: 
B 
; 
| 
= 
= 
i 


S 

= 
i 
=F 

wi 
4 

r 

val 
= 
zz 


= 
a 
H 
= 
il 
: 


— 
S=. 
= = 


Philips Components ° Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 ° (817) 325-7871 ° FAX: (817) 325-1052 


= 
— 


| 
i 
= 


2322 661 15693 


PEELE 
| L 


10 Fo 


Typical resistance/temperature characteristics. 


Current Overload Protection 


SERIES 66. 


(oC) 


4 
st — 


oss 
Ze= 
Ba 
- 
Fig. 15 
SESS 
ii 
Fig. 17 


Hoo 


7 
f 
SEE 


* Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 ¢ (817) 325-7871 * FAX: (817) 325-1052 


Philips Components 


nH il 
AT T | L 
tee TT | as He 
ia a Street 
NDT: S 
00 1088 tt] 
1008) 1008 nT] eee 
00 i it \ | 
ieee teen : 
1088 | 
tH rt r 
tee itor : 
TT Vat st Tien 
AS as an 
e a TH int 2 
= IS Ss i008 1a beer = 
e Bp | ee 0 [as eT Ne = 
ig 
: i Ith 
ico 
N N 
HWE Teal 
© - ° - et = 
S eC S | S ce 


666 


| CO Non-Linear Resistors 


SERIES 66. 


Current Overload Protection 


Typical resistance/temperature characteristics. 


cl Non-Linear Resistors 
™ 


oO 
(fe) 
8 2 
(00 2G Ge, 0 14 0 11 | eR OD TTT ret NEVE Sr eC ce Se 
PNT 100 a AN I he o . HTS 00a a ce | ee ee 
TT NG PR 1 a 10 PS |g ‘ (fd Se SSIES 2 en Ieee) ” 
iio GSa! en 170i a 00 oc | TTT iii DS BSS |S) ro) 
0 a 1 1 a 0 A I a f= G0 ia 1000 a es $0 I 8 SD 5 
inch ee SSE OS eae | ees nee ee A ee ee eS r) 
a is 8 Ya (0 pe a 1 ap DE 1808 1 “ 
(Ca Hepp 1 7 ee a 1868 pss ey 40 ST 15 Ne 1 0 
HT Tt ee ee ee 100 ee ts (A a es Fc 
HEH Se eae et ee 3 S07 em HOMES elses Eo tee ee ° 5 
= lalla — 
(ROD a 1 ee a 1 09 A 81 es yr © 
IG els HH rot 1 a a 1 a ws = 0.00 = 
a a a ee eee cal a a 0 as x 
Ht Het tA eos to ee) 
Boend Mico oh TT Mo NT )3e 8 CU 
SE ee eee ee ee re 
= I heal onal 2 
NUON eS ces Oe Se rea 102 OEE eG enc e Pe He Ht +t+$— fH tt ice 
Hea Se See (108 DS 0 a le tS 
A to 11 HV HTT AT © 
1A 00 0 ieee MoT eS HT m i 
PEt +} tf} Ef} i io HAE Me ot 8 m 
S CE a 0 a NE ian inna MET SES 2 eee soe os 
FN lista AGL a 1G es AG 5 I Na 2 ga eee ean HT 09 
8 poet ee eee a te ne np pe Nip det t+ = 
is 1 GY 2 ions clea HT HT H mes te ele] S 
- EN 0 Se 1 A 10 a Sie | 120s ae | ee ee 
oN 1 a a a 1 Suu a a ie Hicae 2 
N Y e 
ai earner) Te oe Moe tet) ee a oo ee H+ +++— 
o N Nha 
ety OR RIEES) poe nae ee o et TL Ss el fs 
ie heel il oo n © 
pb e 110 iG Oe ae f= 3 
© z3 w t Lg) i>] i=} \= || = 
2 Soci 2 = 2 ? a Chaeieoo Was r=) ‘ % 2 re 
: 
@ 
Cy 
= 
$ 
ities] earn © 3 
IH Itt 2 er g 
0 2 ine S £ 
HAE HH Oe 8 HT Hh oe 2 
Too nt tate 1a MQECMCMSe se 
Ha a ea 0 ST 100 A 1 1 ee 2 
SN 5 S 
Tee ap] 2 Ne a I aT 
Hi Ht ef Ht x 
ia — 
A 1A a no = Hi 2 a 
AG eis see ina a (ca a F = : 
1 ill (itt Ho a " ° 
LOA a TCG Se co N a 
ro Ha es TH (HN CS a a ( INT 4 
He ett 1 a 110 Fe 3 
EE co HA = 2 on By 
tet WHE fidlesoes HH e 
mete th (AE 10 0 ine 2 in C 
EEE} te ee HH S 
nee TI oe TH ine (G8 AERC ae f= 18 o 
11 Ht oY it est = 
Pay UN 4S a 0 AU a) 90 1 Es it TH a 
HA em S18 0 a A | it iG 26 as es 2 il il : 
cS) 0A EG CRY SE a el | 5 Hine TI 
pe A HS TL WO CW ESF SS foe, 08 In, 
3 1 ia oe < inn TT 
aH se a 0 a cc 9 la inne Mtoe ea © il Tr 
2) AO A 180 0 1 9G nN ne it 
Pf VAL Bed 6 i a 16 0a a 0 0 cl 11 0 a a o inne Th 
UR ee 116 0 18 a VT V0 1a ine S 
wo 
) i>] fo} =! oO =I 
fo} oO em 


1 
10& 
: 
104 
103 
102 


Philips Components 


S40}SISaY 4e3aUIT-UOVy | CO. 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2322 660 11593 
= 


100 100 


1 
1 10 100 Vv (Vv) 1000 


2322 660 12293 


100 


= 
ee pat 
Besar 
Bea 
D pets] ea Sie ln Cle HT 
ad Pid FEB cca Oar eee aS AGU siti 
IA i 
CCAS HH 
: Sees eee 4) ieee ems aaeel A ms oscen 
ee eA DEE Ss ES Ba Beoas 
ELE eSr. ane ERIS SO RSR08 10 
ee ee A a Ba Cott ees Cth 
LS er Aalci bh mal Ls | 
Be 2G sees EEE BES ob ell 
AGniaai Uh 
1 10 100 Verne (IM) 1000 { 
Fig. 24. 


100 100 


LT TTT 
BABS 
10. hy ce wae eS 


\@48 


HAH 


Set ett 


668 Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 ° (817) 325-7871 * FAX: (817) 325-1052 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2322 661 13993 2322 661 14783 
esac) 


100 SS iP Ot aa OSS SSS Ses SS SS SS SVS 
eas Sa Gos > SSE nT Gl ERS DG GOS 
eae Zee 2 Na pa | | [|| wep (Oa a | 
Veo ee 1S Goh, SEN 
eS Soo GARI ea 


100 2322 661 15693 


100 Vv (V) 1000 


Fig. 30. 


2322 661 18293 2322 661 11013 
SSS Sai SS alah iS LN ENN 
Fo Be PASTE (Seen AE Coe eI eteed 


SA 
Zama 
@aiiilll 


1 


p See ezeee 


0,1 1 


Fig. 32. Fig. 33. 


S40}SISAY 4e3UIT-UORY 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 « (817) 325-7871 ° FAX: (817) 325-1052 669 


S40}SISAY 4eaUuIT-UuOfy C0. 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2322 662 11213 2322 662 11513 


ie as 
00s, 


+ 


& 


7 


670 Philips Components « Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 + (817) 325-7871 * FAX: (817) 325-1052 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2322664 13913 


2322 664 14713 


a 


> 
c 
ce 
ef 
% 
= 
= 
2 
a 
5 
77) 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 ° (817) 325-7871 * FAX: (817) 325-1052 671 


vi 


1 i 


|| 
i 
HH 


A 

ag 
aera 
Bia 
HT 


I 
Vi 


i 
== 
Hn 
| 
HA 


en ea 
Ht 

va 

7 


SSSSSSeS5=555, ra 
‘avs 


aS 
. 
ba} 
=— SSSqn Saag 
==5S== 
Sam 
tf 
— 


2322 660 16891 


106 
102 ; 


Typical resistance/temperature characteristics. 


fi 
, 
1 
i 
ae 
ae 


/ 
“il 
Ss 
: 
i 
peer 


BEI ai0as 
ae 


i 
LA 
=] 
SSs5 
iI 


i 


isi 

a 
aon 
li 
a 


; 
[4 


2322 660 15691 


103 


Current Overload Protection 


SERIES 66. 


10 


ee 
== 


| CO | Non-Linear Resistors 


Fig. 45 


wie) 


° Airport Road, P.O. Box 760 ° Mineral Wells, TX 76067 ° (817) 325-7871 * FAX: (817) 325-1052 


[ 

2 

: 

A 

SS=55525 
aia a a 
rPLELEH 

AEE 
Fig. 44 


Philips Components 


672 


fP 
ft 
2558 


i 
f) 
3 


= 
y 
u 
/ | 


/ 


al 


" 
4 
‘ 


q 


: 
i 
ii 
i 


SERIES 66. 
Current Overload Protection 


°o 
EN a i Ara ee I |) 0 a | ee eee 


2322 661 11511 


ee] 
N 
<= 


1O Ste 


2S ae a 170 1 
He es 1A ES es |S eee 
| 


Pa 

/ 

172) 
a, 


Typical resistance/temperature characteristics. 


me 
= 
wv 
7] 


= 
VJ 


ce ee GR 1 FO | 


Z| 


2322 661 11211 


co Non-Linear Resistors 
oO 


67 


=] 

wo 

Se ihe BSs ee 
diane TT oer le espe imnd 8G 

a Les] Tie aie e 


ia 
1D A 0 ee 
VRE EA EC 18 A 10 ees 
ESE |S 


(RSS ieee 
es Hilla 

NES SO ES a 1 ee 
ae Le 
Wt: lee TT Ta 0 


= 
a 
a : 


= 
‘a 
f 
fr 
| 
S 
= 
@ 
: 
15 


Se 
BE 
| | 
His 
Fig. 49 


: 

ORFS (1 ees eee 

ERS He es ee ee 

EE | | ee ee 

2S | ee ee ° 
m N 


i=) C—> || 


o 
wo 
PSST ee eeals 
a a 10 | ee ee 


Mineral Wells, TX 76067 ° (817) 325-7871 ° FAX: (817) 325-1052 


uy (ete 


CAE (8 A Oe ee 
(8 2 a FO PT ee 
EO Oe a 16 Ow 
VC AD ks a | OR ee eee E 
OE ee | es | ee 


— wo 
a eae eee = 


Fig. 48 


¢ Airport Road, P.O. Box 760 « 


3 
4 
0 
1 
Philips Components 


OG a 0 0 A ET 
80 BO Ha (0 a | ee 
eS 1) ee 
a as |e 
SPCR REARS ee | 


| V7 | 
140 
UN 
‘A 


Ba 
re 
i 
i A 
os 


26 
: 
Fig. 51 
8 
ide 


2322 663 13311 


i 


Typical resistance/temperature characteristics. 
FEE 

= 

i 


éf 
a 
f 


i 
f] 
A 


= 
/ 
F 


if 


e 
i 
i 


HH 
; 
: 
= 
= 
| J 
a 


aS 


= 
a 
E 

n 

== 

0 

= 
: 


2322 662 12711 


ia 
9 a |e | 
=a 
band | 


ERAT 1A = A A IC) 
ae 0 ee 


am 
a 
: 
Sane 
7 
i 
5 
10 

Fig. 53 


8 
T (°C) 


& 
| | 
fe 
i 
= 
A 
200 


i 
ist 
iia 


| 
| 


: 
E 


50 


=e 
Fig. 52 


= 
=—_ 
a8 


aS 

= 

@ 

2322 663 13911 


106 
104 
10 
= 
= 
i 
—50 
106 


Current Overload Protection 


SERIES 66. 


102 
10 
1 
Philips Components ° Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 + (817) 325-7871 « FAX: (817) 325-1052 


674 


Non-Linear Resistors 


SERIES 66. 


Current Overload Protection 


Typical resistance/temperature characteristics. 


cy Non-Linear Resistors 


675 


* FAX: (817) 325-1052 


¢ Airport Road, P.O. Box 760 ¢ Mineral Wells, TX 76067 ¢ (817) 325-7871 


i=} 
w 
D0 a 1 es | J 
INDO ESI SEES WSN) SSeS) 
NIDDES SSS NS EES Ae Seale aes) = 
OOS SS a SSH lees | ae | 
ia ea mn [1 fc can | bE i ae ee 
eprint Cilihh:®\ SS eal Salma 
itt oS aS 1s GONE Is SSS 
it Rial eee es ee 
He | | | 1] GBS niS" aS ees 
INDIE SSS MSE i SS Elita em ° 
108 1026 a 0 00 ee 
Testa ee ee el if) | ma 1 5] | | [5 [| | 10 0] ao 1S 0] lo Pe 
NINES ESN MN SS EDN 
ISIC MISS ED See wo KR 
Na es ee fe | cme 1] i a | 7 1 aff ef meme 71 0] | 07 0 | TN 8 Lv wn 
LODE ES 11 SS 1 1 110 ee ee o 
YT sf ae] ae ee] i a oe] oi a mn fe) Jp] 1,71] 0 | iL = 
MUIR ESSE SS lS En Sse) u 
oa a a ns a ieee amen] meeps 10 ta 
(BER S00 eS Ee NN eS ie IS 
NUDIOO ESS INDE DIES Me | see 
= (MRS SESS NS Da awe 
5 MDD E Sa ND Se Se RENN OREM 
UL es] 8 oc ems fy me] fmm 1] 0 en | ee 
NIRS SND SDSS S 
3 TALE Se es a (01 SA LE 8 A 1 a | g 
LS a a a Ss 
5 A A 0.9 SR 8 a 10 A 0 2 2 
OS SS 10 SD SS CS 1 ee o 
IDES 1a ESS ll Be tiie wiboesale rs) 
© pa o < ” a ° au © 
~~ 2 
oO 
~ 
(= 
2 
—_ 
=] 
&) 
o 
© 
=] ~ 
Db = 
1G al a a NO a A CS A | 0 ee ee 2 
INDE Ss RAN 608 ASSESS Ss = 
Nites ise NNT TI (RS Mines i) 
il Ess UNS oe 0 a 1 ae | a 
Itc aa NMSSM ES Manne Ss > 
NU aaa EO Ss Se ees ii a dea ae 
NIT as LN CP Ca 1 0 eS a 
TCS Ee ea 1 a a Ee eT 
SRE SS Ds a a Ol | 
0 es Ca 1 a A 3 ee ee ° 
102 A a 96 ka a 110 AR 4 A Gk el = 
OEE Ot a FOE a aS Ne oe coe 
10 EO a ON Se 0 a 1 
AES ES aN VA 1 aS a 
OEE a a LG i eS a ee So os 
OS i a a | el ad 1 1 ee ite) 
LEE EO a A SD 1 a 1 |e ob bat) 
EL i ees 7 aad 7 a a 1 A 0 6 ra o 
O04 a a i 
COE Es NN A a ee ees see 
SOG 2 S18 AR 1 1 4 a a 1 
2 5 eae OC eS 0S a ae | 
py el ie a a i a a 1 A 0 0 ll) a 000 i 
rig UE Be le ae Us al a a LS 
Se Os aa 0 2 ET a ee poe a 
3 Od as (Ea A 
us EE EN G0 ED IR 1 OP 1 1 a a 11 OS a 
o ae ee ee ae el ot sd aad 
nN eS a SST ae Se (ew tor 
CRS 0G Sa a |e 
cB =e wo Ad oO N Oo a 
tgp —— "8 © 2 S 2 


Philips Components 


seauly-uon | 0 | 


ad 


SIS9 


S40} 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2322 660 18291 11011 
1000 1000 2322 661 
lde 
(mA) 
100 
10 
01 


1000 2322 661 11511 


S..05y 2S aos ea 


DOU 


Mm BRan’ 


p48 


Coo 
a 


100 0,1 1 10 100 


Fig. 62 Fig. 63 


676 Philips Components « Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 ° (617) 325-7871 * FAX: (817) 325-1052 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2 1 
2322 662 12711 1000 2322 663 13311 


1000) =a) 


100 


| 
10 | 


0,1 1 10 100 


Fig. 64 Fig. 65 


1000 2322 ee ae 


Fig. 66 


Philips Components ° Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 ° (817) 325-7871 * FAX: (817) 325-1052 677 


S40SISAY 4eaUuIz-uofy CJ 


Y 4eaulyT-uopy Fe 


SIS9 


$40} 


SERIES 66. 


Current Overload Protection 


Typical voltage/current characteristics. 


2322 663 14711 
=a 


1000 


2322 664 16811 
ty 


2322 664 15611 


SS ee eee 
Co ae 


PAS 2 = as) 
U1 PW.are Re? NS ARI BRA RPBasGe 
AJ 


fs 
% TNO 
ES 


Fig. 68 


om. eae 
acs 


ost eS vae! aoe tesvenes 
=o 


i| am 
Pak 


4 i 
tT] 
fl = 


0,01 0,1 1 


Fig. 69 


678 Philips Components ¢ Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 + (817) 325-7871 * FAX: (817) 326-2215 


SERIES 680-04 
PTC Heaters Assemblies UL File E 60558 


DESCRIPTION 


The Series 680-04 PTC Heater Assemblies are 
encapsulated and are provided with two single- 
core insulated silver plated copper wires. 


ELECTRICAL SPECIFICATIONS 
Minimum Dielectric 
Withstanding Voltage 4000 VRMS 

Operating Temperature At zero power 
2080 10-60: C 
at maximum voltage 
O° to&-55eC 

Maximum In Rush 1000 Watts 


MECHANICAL DATA—Inches (mm) Outlines 


i 
oe 12.70 
+0.05 


ees 


Robustness of Terminations 
Tensile Strength 2.25 Ib (10N) 


Bending 1.12 Ib (5N) 
Solderability 
240°C, Max 6 Seconds 
Impact 


Free fall 39.4" (1000 mm) 
Non-flammable 


Mass 
Approx 15 grams 


Marking 
Red Body. Leads are color coded per table 


Lead Wire PTFE 
Thermax 24-XTO-124 UL Style 1180 


Mounting 
In any position by soldering or damping suitable for mount- 
ing ina tube .502 + .002 (12.76 + .05) Diameter 


S410}SISAY 4eaUul7T-uofy ry 
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SERIES 680-04 


2322— 
Part Number 


680-04003 
680-04004 


680-04005 
680-04033 
680-04034 


680-0400 
680-04002 


680-04022 


(°C) Minimum (°C) 


Operating power 


Temperature after Temperature at (watts) after Dimensions 
Voltage (VRMS) 20 minutes at 5 minutes at 20 minutes at Lead A 
50/60 Hz Voltage (VRMS) Voltage (VRMS) Voltage (VRMS) Colors Inches (mm) 
100 to 265 160412 @220V 130 @ 220V 130 @ 220V Red/Red 8.268+.197 (210+5) 
100 to 145 160+12s @ 120V 130 @ 120V 13 @120V Red/Black 8.268+.197 (210+5) 
100 to 145 210 @ 120V 165 @ 120V 17 @120V Orange/White 6.535+.157 (166+4) 
100 to 265 210 @ 220V 165 @ 220V 17 @220V Orange/White 6.535+.157 (166+4) 


100 to 265 210 @ 220V 165 @ 220V 17 @ 220V Orange/White 4.370+.157 (11144) 


100T .265 215412 @ 220V 170 @ 220V 18 @220V Red/Red 8.268+.197 (210+5) 
100T . mao 215412 @ 120V 170 @ 120V 18 @120V Red/Black 8.268+.197 (210+5) 


| 400T.265 | .265 220+ @ 220V 180 @ 220V 19 @ 220V Red/Red 4.921+.197 (125+5) 
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SERIES 672 


Disc PTC Thermistors forGeneral Applications 


18% to 38%/°C Temperature Coefficient 30 to 2500 at 25°C 


70° to 150°C Switch Temperature 25 Volts maximum 


DESCRIPTION 


Series 672 General-Purpose Thermistors are 
rugged, lightweight, miniaturized units, available 
with or without leads, for accommodation of the 
widest possible range of industrial, commercial, 
and consumer applications. 


DESIGN FEATURES 


# Choice of Nine Switch Temperatures in 10°C 
increments from 70° to 150°C. 


@ High Temperature Coefficients for high detec- 
tion sensitivity. 18% to 38%/°C, for standard 
types. 

& Wide Operating Temperature Range, from 
—25°C to as high as +190°C. 


@ Very Small Size. Less than 9/64" in diameter. 
Leadless types are even smaller. 


TYPICAL APPLICATIONS 


@ Overvoltage and Short Circuit Protection. Con- 
nected in series with a load circuit, the therm- 
istor limits the load current to a safe value. 


@ Current Stabilization for Constant Load. 
Paralleled with a resistor, in series with the load, 
the thermistor compensates for slow voltage 
fluctuations. 

# Thermostatic Control. Permits establishing 
and maintaining temperatures in tanks, com- 
partments, process vessels, home appliances, 
and feedback controls. 


@ Fire Alarm Warning and Shutdown. Protects 


Philips Components ¢ Airport Road, P.O. Box 760 ¢ Mineral Wells, TX 76067 ¢ (817) 325-7871 ° FAX: (817) 325-1052 


against over-temperature by actuation of warn- 


ing device and/or shut-down of power. 


ELECTRICAL SPECIFICATIONS 


Resistance at 25°C ................ 30 to 2500 
Resistance atT, +5°C ............. ==9000) 
Resistance atTs +15°C ........... 213300 
Resistance atTs +25°C ........... >40000 
Switch Temperature (Ts)t ...... 70° to 150°C 
Maximum Voltage (Vmax) .......... 25V DC 
Dissipation Factor.............. 5.7 mW/°C 
Thermal Time Constant.......... 9 seconds 


Operating Temperature Range 


at zero power 


at Vmax............. 


Measuring voltage: < 1.5 V to avoid self-heating. 


TYPICAL 
ELECTRICAL CHARACTERISTICS 


Color* 
Code 


Switcht 
Temp. 
" Coeff. 
(°C) (%/°C) 


*Leadless version is not color coded. 


t+Upper temperatures at which the resistance is twice the minimum 


resistance. 


672-91002 
672-91003 
672-91004 
672-91005 
672-91006 
672-91007 
672-91008 
672-91009 
672-91011 


—25°C to Ts +40°C 
Ts +25°C max. 


Part Number (2322-) 


With Leads 


Leadless 


672-91026 
672-91027 
672-91028 
672-91029 
672-91031 
672-91032 
672-91033 
672-91034 
672-91035 


681 


S410}SISAaY 4e9UIT-UuOfy 00 


S4o}sisay seaulT-uoy [fo- 


SERIES 672 


Disc PTC Thermistors for General Application 


RESISTANCE vs TEMPERATURE 


SA 


A: 672 91002 


B: 672 91003 
C: 672 91004 


D: 672 91005 


E: 672 91006 


eI 


G: 672 91008 


-— F: 672 91007 
= 


H: 672 91009 


I: 672 91011 


RESISTANCE (OHMS) 


| 
| 
| 


| TM 
it 

) | 
init 


VOLTAGE Meese = = a 1 
vs CURRENT { 4 Seecee 
| baa 
- 


a 


= | Typical Voltage/Current Characteristic 
= | H measured at 25°C ambient. 
s | (Type 672-91011 shown) 
w 102 2 ia S 1 
c S + 7 ie =e = Ee. 
S) iE i L L + = t i 
T 36 SST a | 
ee =r - ——- + [ = +t + if aie eal 
= Si) ++ + — +—+—__ + +——-_+—+ ; 
! | 
uu | + + seal t | + + — lena] 
aie dal aay =f | |e | ic | | | | F 
1 


VOLTAGE (VOLTS DC) 


DIMENSIONS AND MARKING 


123 +.008 in. .031 +.003 in. 
3.3 +0.2 mm 0.8 +0.15 mm 


031 in copper leads. 


2.047 +.008 in. 
52 +2 mm 


Types 672-91002 to 91011 are 
provided with tinned solid- 


10? 
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SERIES 680-93 


PTC Heater Ceramics 


DESCRIPTION 
The Series 680-93 PTC Heater Ceramics consist of a 
parallelepiped with two non-solderable electrical contacts. 


APPLICATION 

Ceramic heating elements for low power domestic and 
industrial applications and in thermally delayed switches 
which require the temperature to be stabilized 


MECHANICAL DATA—Inches (mm) 


Outlines 
007 276 
1.299+.039 e002 “Paz 
<—_—————. (33 +1) Ute 7 
+0,06 +0,3 
| 1.161. \ | | | | | 


UL File E60558 


Fig. 1. Fig. 2. 
ELECTRICAL DATA 
Unless otherwise specified, measured according to IEC 
publication 738-1 of 1982. 


Part resistance at (50V use) Te4 maximum 


number approx. voltage 


2322 680 aE r.m.s. 
followed by 


93021 
93022 
93023 
93024 
93025 
93026 
93027 
93028 
93029 
93031 
93032 
93033 
93034 
93035 
93036 
93037 


dimensions 


see Fig. 


1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 


Flatness 
.002 in. (50 zm) max. 


Mounting 
In any position by clamping. 


Impact 
Free fall 7.87 in. (200 mm) 


Non-flammable. 


mass 


approx. 


2220 
PLS) 
2:29 
2.20 
2.20 
2.25 
225 
2.25 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 


* Ts = switch temperature 
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SERIES 691 


Relative Humidity Sensor 


DESCRIPTION 


This capacitive humidity sensor consists of a 
plastic film, both sides of which are coated with 
gold, thus forming a capacitor element. The dielec- 
tric constant of the film changes as a function of 
relative humidity in the atmosphere. As a con- 
sequence, the capacitance value of the sensor 
is a function of relative humidity. 

The plastic film is clamped between spring con- 
tacts and packaged in a plastic housing. 

The sensor’s characteristics are not affected by 
contact with water but acetone vapor exposure 
should be avoided. 


FEATURES 


@ Wide relative humidity range, 10 to 90% 

® Cost effective accuracy 

# Operating temperature range, 0 to 85°C 

@ Undamaged by condensation 

@ Operating frequency range, 1KHz to 1MHz 


SPECIFICATIONS 
ELECTRICAL 


Operating, HUMICITY RANGC ec =e te rere 
Operating Temperature Range................... 
Capacitance at 25°C, 43% R.H., 100KHz........... 
Dissipation Factoral 20 C. KOUKIIZ, aoeeee eee 3.5% max. 
Frequency Range. .47.: : 25). P abe ae 
Temperature Dependence ...................... 0.1% R.H./°C 


Response Time (to 90% of indicated R.H. 
at 25°C, in circulating air) 


Between 10 and 43%: R.H. 4rme .). .... 1. 3 minutes max. 
Between 43 and 90% R.H..................... 5 minutes max. 


Typical Hysteresis (excursion of 10 to 


90 to, 10% Ribi)etee... 2... Bee eee ee 
Maximum: Voltage: 2 ci: co aed, eos, ee ence eam 
Storage Humidity'Range ... Pas.cbeet). L 7 See 
Storage Temperature Range .................... 


MECHANICAL 


Assembly «2. bcos 4 cis Bp ge lh abee: ee eee 


Solderability ..... 20. . <r ee eee 
Lead Strengty 2 2. ee wee aac ee 


10 to 90% R.H. 


1 KHz to 1MHz 


0 to 100% R.H. 


TYPICAL CAPACITANCE & 
R.H. CURVE 


7283141 


R.H. (%) 100 


Sensor can be soldered onto PC. 
board or mounted with screws. 


240°C for 4 seconds max. 
2 Ib. pull test with no damage. 
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Capacitive humidity sensor 


The need has long been felt for an electronic 
humidity sensor that is both reliable and inex- 
pensive. Surprisingly, these requirements are 
not easily met, and until recently the only devices 
that could be considered reliable were far too 
costly for widespread use. Electronic humidity 
sensors have many advantages. 

m@ they can be incorporated directly into an elec- 
trical measuring circuit, so avoiding many of the 
problems often associated with their mechan- 
ical counterparts 

m@ they are highly versatile and can be used to 
drive a variety of humidity display and humidity 
control appliances 

m@ they are generally easier to operate and to main- 
tain than mechanical sensors 

@ they are easier to calibrate 

Our new capacitive humidity sensor (type number 

2322 691 90001; Ref. 1) possesses all these 

advantages and combines them with very low 

price. 

The sensor, shown in Fig. 1, consists of a perfo- 

rated plastic case containing a stretched mem- 

brane of non-conducting foil, coated on both 
sides with gold. The membrane and coating form 

respectively the dielectric and electrodes of a 

parallel plate capacitor whose capacitance C, 

depends upon the ambient relative humidity H,e 

as shown in Fig. 2. The sensor is connected to a 

circuit that generates a d.c. voltage which is used 

to activate a meter, LED or liquid crystal display 

for directly indicating H,., or which acts as a 

monitoring signal for a humidity controller. 


=z 19520 5.—= 
mn 


3,1%0,1 


Fig. 1 Capacitive humidity sensor; dimensions in mm. 
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Designed for an operating range between 10% 
and 90% relative humidity, the sensor has a nom- 
inal accuracy (in circuit) of about 5% in the middle 
of its range under worst case conditions. Under 
normal conditions i.e. at room temperature and 
with nominal supply voltage, the errors will obvi- 
ously be less than this. 


$s 
(pF) 


80 100 
He (%) 


Fig. 2 Relationship between relative humidity H,,, and sensor capacitance 
Most air pollutants have little effect on the per- 
formance of the sensor. However, vapours of 
some solvents, such as acetone, will attack the 
foil, and should be avoided when handling the 
sensor or incorporating it in an assembly. 


The table gives just some of the many applica- 
tions for which the sensor is suited. Although it 
is not a precision measuring instrument, it is a 
highly versatile, reliable and inexpensive device 
that is certainly accurate enough for its intended 
applications. 

We now describe a circuit for generating an out- 
put signal proportional to H,.). 

Some applications for which the capacitive 
humidity sensor is suited. 


indication control 


air conditioners 
humidifiers in factories and in the home 


home hygrometers 
weather stations with 
LED or LCD displays 
climate controllers in greenhouses 
tumble dryers (i.e. detecting when a load is dry) 
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MEASURING CIRCUIT 

The circuit operates by measurement of pulse- 
width differences, the principle of which is shown 
in Fig. 3. It has two synchronized multivibrators 
M, and Mp, connected respectively to a trimmer 
capacitor C; and to the humidity sensor of capac- 
itance C,. Capacitance C, comprises a constant 
contribution C, and a contribution AC depen- 
dent upon H,,, i.e. C, = C, + AC. 

Multivibrators M, and Mz produce pulses of dura- 
tion t; and t. proportional to C; and C, respec- 
tively (Fig. 4). The pulse width difference t3 is 
equal to to— t;. 


MULTI - 
VIBRATOR 


Cr Co+ 4c 


Fig. 3 Operating principle of the measuring circuit. The circuit generates 
pulses with durations proportional to trimmer capacitance C, and to 
sensor capacitance C,=C, + AC. If C,; is set equal to C,, then the pulse 
width difference is proportional to AC, i.e. to the humidity-dependent 
capacitance. 


Fig. 4 Formation of pulses in the circuit of Fig. 3. 


If M; and Mz have equal proportionality contants 
and C; is equal to Co, ts will be proportional to 
AC. lf the pulse frequency is set at 1/T, where 
T = 2t, (Fig. 4) and all pulses have equal ampli- 
tude Vs, then the mean output voltage will be: 


Vo = (ts/T)Vg = (AC/2C,)Vp. 
The term ts/T is called the relative pulse width. 
Its temperature and voltage dependence are very 
small provided: 


686 


m™@ the characteristics of both multivibrators are 
identical (constructed for example from a single 
LOCMOS circuit HEF4001B); 

m C, and C; have equal temperature coefficients. 

Output voltage V, is directly related to the supply 

voltage which should therefore be stabilized for 

best results. 


Practical circuit 

Figure 5 shows a design based upon two inte- 
grated LOCMOS circuits HEF4001B. Depending 
upon its application the circuit may be either 
battery or mains powered. 

Multivibrators M,; and Mo are each formed by a 
pair of NOR gates in the first LOCMOS circuit. 10 
kHz pulses produced by M; and Mz are fed to 
the second LOCMOS circuit which produces a 
pulsed output voltage with an average value V, 
proportional to the pulse width difference. The 
four NOR gates of this circuit are connected in 
parallel to provide low output impedance. An RC 
network in the supply line suppresses parasitic 
oscillations in the circuit. 


Linearizing network 

Because the relation between C, and H,. is non- 
linear, the pulsed output signal V, is fed to a 
linearizing network; for explanation this is shown 
separately in Fig. 6. Voltage pulses charge capac- 
itor C via diode D and resistor R;. At the same 
time a discharge current proportional to the volt- 
age across the capacitor flows through resistor 
Ro», and an additional current flows from the supply 
line via resistor R3. The output voltage V, is thus 
a non-linear function of V,, and with suitable 
choice of C, R; and Ro, this function can be so 
profiled that the relationship between H,.; and V, 
is made substantially linear. 

In the circuit of Fig. 5, the output voltage can vary 
between 80 mV and 1 V. This voltage can be used 
either to indicate or to control relative humidity. 
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Capacitive humidity sensor 


0 ee Sain 


10 nF Veq= an 0,22 


uF 


HEF 40018 


C1 =3 to 40 pF 2222 808 11409 | 12 
C3=C2=47pF P100 2222 632 04479 
C4 = 22 pF P100 =. 2222 632 04229 (optional) 


H = HUMIDITY SENSOR 2322 691 90001 


7289101 


Fig. 5 Measuring circuit with linearized output. The circuit is suitable for 
connection to an external power supply. In this circuit R, is chosen 
so that Rg ~ (Vg — Ve7)/2 mA 0. 


sa sor 


<I 
D 


72630621 


Fig. 6 Linearizing network used in Fig. 5. 


Component layout of the measuring circuit shown in Fig. 5. (including 
a stabilized power supply) 
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APPLICATIONS 


Humidity indication 

Indicator with LED pointer display 

A pointer display is one in which one elementina 
row lights up to indicate the instantaneous value 
of some quantity. The mains powered device 
described here uses a 16-element LED pointer 
display to indicate H,,,; between 20% and 90%, 
the scale being divided into intervals of 5%. 


Figure 7 shows the circuit. It uses a display IC 
UAA170 to drive the LEDs, the linearized output 
voltage V, of the measuring circuit being fed to 
the display IC via an operational amplifier which 
acts as a voltage follower with a gain of 2. This 
prevents the measuring circuit from being loaded 
with the input impedance of the display IC, and 
also amplifies V, to the required input voltage. 
Resistors R;, Ro and R3 are chosen such that: 
@ the change-over between one LED and another 
is smooth (1,2 V between adjacent pins); 
@LED 1 lights at a relative humidity of 20% 
(200 mV at pin 3 of IC NE532); 
@LED 16 lights at a relative humidity of 95% 
(950 mV at pin 3 of IC NE532). 


Fig. 7 Relative humidity indicator with an LED pointer display. 
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Note: the spread in the internal reference voltage 
(i.e. voltage at pin 14) may make it necessary to 
replace R3 by a 47 kQO potentiometer. 

This device indicates the relative humidity with 
an LED pointer display. Each LED covers a 5% 
interval of He. 
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Bargraph with liquid crystal display 

This device uses the output voltage V, of the 
measuring circuit to drive a relative humidity bar- 
graph with a liquid crystal pointer display. The 
device performs two functions: it indicates instan- 
taneous relative humidity between 15% and 90% 
(either in pointer or in bargraph mode), and it 
indicates the peak value. 

Figure 8 shows the circuit. A voltage follower with 
gain (NE532) amplifies the output from the mea- 
suring circuit to the required input voltage of a 
bargraph driver (HEF4754 V) that drives an 18- 
element liquid crystal display. As in the previous 
example, the scale is divided into 5% intervals. 


H i! af 
a 1 yur 
+/(63V) 


alia} 


l HEF 4001B ' 


Ci =3 to 40 pF catalogue 
C3=C2=47 pF  P100 number 
C4 = 22 pF P100 as Fig. 5. 


H = HUMIDITY SENSOR 
68 kQ NTC thermistor 
2322 642 12683 
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4.8V BC558B 
a 


The maximum and minimum readings of the dis- 
play must be preset by applying fixed voltages of 
3,55 V and 0,53 V to pins 27 and 26 respectively. 
The circuit consumes about 3 mA which is rather 
high for battery operation. Nevertheless it can 
operate satisfactorily on 5 rechargeable NiCd 
batteries. 


+ 5x 
NiCd : 
batteries §=Nains 


HEF4754V 
23 4 5 6 7 8 9 1011 1213 14 


i 
(as 
SS) 
ee 
(= 
a 
== 
= 
[S= 
[Se 
aD 
CS 
RS 
eae 
ay 
Piz) 
GD 
bi] 
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Fig. 8 Relative humidity bargraph with a liquid crystal display. The system 
shows ambient relative humidity as well as the peak value. Switching 


positions as follows: 


—pins 2, 3 and 4 open: peak indication, reset by connecting pin 2 to 


common for a few seconds. 
—pin 4 open, pin 3 common: no peak indication. 
—pins 3 and 4 common: pointer mode. 
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Capacitive humidity sensor 


mi TT (10Vv) 


i 


U1 = HEF 4001B 


12 


a lee 


kd k 6 


ige2: 3 6 
HEF 4518B 
1615 141312 11 10 9 


fon 


C1 =3 to 40 pF catalogue 
C3=C2=47 pF  P100 number | 
C4 = 22 pF P100 as Fig. 5. Yq LM339 


220 
kQ 


H = HUMIDITY SENSOR 


5 
Lf if : 
Fig. 9 Relative humidity indicator with an LED numerical display. 


Indicator with an LED numerical display 
Somewhat more complicated than the previous 
device, this indicator employs a digital display 
to indicate H,., between 10% and 90%. 

The circuit, shown in Fig. 9, uses a dual BCD 
counter HEF4518B that receives clock pulses 
from a 10 kHz source, for example multivibrator 
M,. Positive-going pulses from a third multivibrator 
(also produced from a LOCMOS HEF4001B cir- 
cuit), are fed simultaneously to the reset pins of 
the counters and to pin 4 of a voltage comparator 
LM339. Figure 10a shows the pulse train. 

With a positive-going pulse on pin 4 of the LM339 
the voltage at pins 2 and 10 falls, capacitor C dis- 
charges over the duration of the pulse (i.e. 15 ms) 
and then recharges to produce the voltage wave- 
form shown in Fig. 10b. Also, the end of each 
pulse lifts the counter reset, allowing counting of 
the clock pulses to begin. 
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The voltage on pin 11 of the LM339 (V.) is pro- 
portional to H,.. AS capacitor C recharges, the 
voltage on pin 10 increases until it equals and 
eventually exceeds that at pin 11, producing at 
pin 13 a rectangular pulse whose duration depends 
on H,., (Fig. 10c). This pulse is differentiated to 
produce at pin 6 two instantaneous pulses: a 
positive-going pulse conducted to the supply line 
via diode D, and a negative-going pulse that pro- 
duces a corresponding positive-going pulse at 
pin 1 (Figs 10d and 10e). This final pulse, which 
marks the instant the voltages on pins 10 and 
11 are equal, de-activates the latch-disable 
mechanism of two LED display ICs (HEF4543B) 
allowing them to receive the instantaneous count 
of the BCD counter. This count, which is a measure 
of H,.), then shows as a two digit display, allowing 
H,e to be read directly. 
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Relative humidity and temperature indicator with 
liquid crystal numerical display . 

This device, powered by four 1,5 V batteries, uses 
a liquid crystal numerical display to indicate the 
ambient relative humidity and temperature. 

In common with the previous example, the circuit, 
shown in Fig. 11, uses an LM339 voltage com- 
parator as an analogue/digital converter. Figure 
12 illustrates the operation of the system. 
Negative-going pulses (Fig. 12a) produced by a 
third Futivibrator (also formed from an HEF4001B) 
are fed simultaneously to transistors TR; and 
TR», and to the reset pins of three HEF4518B 
counter ICs. The pulse on transistor TR; (pnp) 
causes it to conduct, allowing power to be deliv- 
ered from the supply line to the major part of the 


15ms 


Fig. 10 Sequence of pulse trains produced in the circuit of Fig. 9. 
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Circuit. Since this occurs only over the duration 
of the pulse, a considerable saving in power 
results. The pulse on transistor TR» (npn) causes 
it to become non-conducting, permitting capa- 
citor C to charge and produce a ramp voltage 
(Fig. 12b) at pins 4, 7 and 10 of the voltage 
comparator. Finally, the pulse delivered to each 
counter IC lifts its reset and permits itto commence 
counting. 

Two of the counter ICs (the first being dedicated 
to the temperature section and the second to the 
humidity section) are fed 5 kHz pulses derived 
from a 50 kHz multivibrator (HEF4069B) via a pre- 
counter produced from the third counter IC. 


Humidity section 

Voltage V, (proportional to H,.)) is applied to pin 
11 of the voltage comparator (Fig. 12b). By com- 
paring this voltage with the ramp voltage at pin 
10, the comparator produces a positive-going 
pulse at pin 13 whose duration is proportional 
to H,.; (Fig. 12c). The pulse de-activates the latch- 
disable mechanisms of two 7-segment liquid 
crystal display drivers (HEF4543B) which then 
receive and display the instantaneous counts of 
the second counter IC (Fig. 11). At the end of the 
pulse, the latch-disable mechanisms are re- 
activated and the final count, which indicates 
He, remains on display until the following pulse 
arrives. 


Temperature section 

The system caters for ambient temperatures 
between 0°C and 50°C, the temperature depen- 
dent signal being derived from an NTC thermistor. 
The system must therefore incorporate an offset 
to set the reference temperature at 0°C. 

Pin 5 of the comparator receives a temperature 
dependent voltage governed by the thermistor, and 
pin 6 receives a constant offset voltage (Fig. 12b). 
With the ramp voltage applied to pins 4 and 7, 
a positive-going pulse occurs at point 0 (Fig. 11) 
whose duration is proportional to the temperature 
in °C. The pulse is inverted and fed to one half 
of the pre-counter, ensuring that the count trans- 
mitted to the first counter IC takes place only over 
the pulse duration (i.e. the interval between t, 
and to in Fig. 12f). Atthe same time the pulse acts 
upon two liquid crystal display drivers (HEF4543B), 
allowing them to receive and display the count 
of the first counter IC to give a direct temperature 
reading. 
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C1 =3 to 40 pF catalogue 
C2=C3=47 pF  P100 number 
C4 = 22 pF P100 as Fig. 5. 


H = HUMIDITY SENSOR 
VDR = Voltage dependent resistor 2322 594 72512 
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68 kQ NTC thermistor, 2322 642 12683 


Fig. 11 Relative humidity and temperature indicator with a liquid crystal 
numerical display. 


Fig. 12 Sequence of pulse trains produced in the circuit of Fig. 11. 
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Humidifier control 

Humidifiers work by controlling the rate of water 

evaporation from a reservoir, either by regulating 

the water temperature with an electric heater or 

by blowing air over a moist wick with an electric 

fan. Two modes of operation are possible: 

@ on-off control, which can be used to control 
either a heater or a fan; 

@ time-proportional control, which can be used 
only for a heater. 


Humidifier using on-off power control 

Figure 13 shows the circuit. The output voltage 
V, of the measuring circuit is fed to a dual opera- 
tional amplifier IC (NE532), the first op-amp of the 
IC acting exclusively as an amplifier (with a gain 
of 2) and the second op-amp acting as a voltage 
comparator. 

The reference voltage (pin 6) of the comparator 
can be adjusted between 600 mV and 3000mV, 
giving a range in the preset values of H,.; between 
20% and 100%. A triac (BT137D) controlled 
directly by the comparator, regulates power to the 
heater or fan. The use of negative d.c. control 
current allows the triac to operate in its most 
sensitive triggering quadrant. D.C. triggering 
allows, moreover, the use of both inductive and 
resistive loads. 


C1=8 to 40 pF catalogue 
C2=C3=47 pF P1100 number 
C4 = 22 pF P100 as Fig. 5. 


H = HUMIDITY SENSOR 
VDR = Voltage dependent resistor 2322 594 72512 


Fig. 13 Humidifier with on-off power control. 
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O474F 3902 


(220V ac.) (1W) 


The circuit consumes a total current (including 
the triac triggering current) of 13 mA at 12 V d.c., 
the power being derived from the mains via a 
capacitive mains dropper (saving the expense of 
a transformer). Power for the measuring circuit 
comes from the 12 V d.c. via a resistor and 6,5 
V voltage reference diode. 
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Humidifier using time-proportional power control 
On-off power control has the advantage of sim- 
plicity, but this is offset to some extent by its 
tendency to overshoot. Time-proportional control, 
the principle of which is shown in Fig. 14, provides 
more accurate power regulation. 

Power is delivered in a series of bursts of controlled 
duration and with a fixed repetition period. This 
period equals that of the sawtooth waveform shown 
in Fig. 14. By varying the reference voltage, we 
control the duty factor and hence the mean power 
delivered to the load. To eliminate rf. interference 
and transient distortion, switching occurs at zero 
crossing of the mains. Because of this the circuit 
is only suited to the control of resistive loads 
(i.e. humidifiers using heaters). 


7289000 


Fig. 14 Operating principle of time-proportional control. The duty factor 
(and hence the power delivered to the load) is varied by varying the 
reference voltage. 
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Fig. 15 Humidifier with time proportional power control. The circuit is only 
suited to the control of resistive loads (i.e. heaters). 


C4 = 22 pF 
H = HUMIDITY SENSOR 
VDR = Voltage dependent resistor 2322 594 72512 


Figure 15 shows a humidifier circuit using a 
TDA1023 time-proportional control IC (Ref. 2). 
An NE532 op-amp amplifies the output V; of the 
measuring circuit and feeds it to one input (pin 7) 
of the TDA1023. A 47 kO potentiometer connected 
to the other input (pin 6) is used to preset the 
relative humidity at any value between 40% and 
90%. 

A 3,3 uF capacitor connected to pin 12 fixes the 
repetition period of the sawtooth generator 
(embodied in the TDA1023) at about 2 seconds, 
and resistors connected to pins 4 and 5 define 
the proportional band (i.e. the range over which 
there is proportional control). 

Power for the measuring circuit is derived from 
the internal power supply of the TDA1023. 


C1 =3 to 40 pF catalogue 
C3=C2=47 pF P1100 number 
P100 as Fig. 5. 


7Z89106 
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C1 = 3 to 40pF 
C2=C3=47pF P1100 catalogue 
C4 = 22pF P100 number 


as Fig. 5. 
H = HUMIDTY SENSOR 
VDR = voltage dependent 
resistor 2322 594 72512 
12 kQ thermistor 2322 640 90004 


U1 = NE532 


mains 


BY164 
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Fig. 16 Tumble dryer control based on the measurement of relative 
humidity in the air outlet of the dryer. 
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Tumble dryer control 

A tumble dryer operates by heating a damp load 
whilst tumbling it slowly in a rotating drum. The 
relative humidity at the air outlet is a reasonable 
indication of how damp the load is. We can there- 
fore use the measuring circuit to control the dryer, 
switching it off when the load has reached a pre- 
selected level of dryness. 

Figure 16 shows a circuit for controlling a tumble 
dryer. As in previous examples the circuit operates 
by comparing V, with a constant voltage, in this 
instance a preset voltage corresponding to the 
required level of H,., (i.e. the level that indicates 
a dry load). 

The humidity sensor is located in the air outlet 
of the dryer, and an NTC thermistor is located in 
the drum. The thermistor is used to control the 
air temperature within the drum, switching the 
heater off when the temperature exceeds 60°C 
and switching it back on when the temperature 
falls below 50°C. 

The on-off switch is door-operated so that drying 
begins as soon as the door is closed, and stops 
whenever the door is opened. 

When a damp load is inserted, the relative humid- 
ity inside the drum rises. It may not, however, 
rise enough to start the dryer operating. A delay 
circuit therefore holds Vi above the preset volt- 
age for about 2 minutes after the door is closed. 
The dryer can then start and run for sufficient 
time for the humidity at the outlet to rise above 
the preset value, after which the operation is con- 
trolled by the humidity sensor. 

Figure 17 shows how the relative humidity at the 
air outlet varies with time. The humidity increases 
as soon as the motor starts, then gradually falls 
until the load reaches the required level of dry- 
ness and the dryer switches off. 

The circuit shown is a laboratory prototype and 
lacks some features that could be advantageous. 
For instance, to reduce creasing the heater should 
switch off slightly before the drum motor. A 
memory might also be included in the circuit to 
prevent the dryer switching on again when drying 
is complete (as might occur for example if the 
door were opened to remove the load and then 
closed without switching the dryer off at the 
mains). 
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Fig. 17 The relative humidity in the outlet of a tumble dryer falls as the 
load dries. The curves here relate to a fully loaded standard domestic 
tumble dryer. 
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CAPACITIVE HUMIDITY SENSOR FOR 
CONSUMER APPLICATIONS 


Humidity sensors, as used for example in home 
hygrometers and in automatic humidity control 
systems, have two major requirements: predict- 
able behaviour and good long term stability. In 
addition, such sensors should be ruggedly con- 
structed for reliable operation under adverse 
conditions as well as being simple to operate 
and to maintain. 

Our new capacitive humidity sensor (catalogue 
no. 2322 691 90001) which has been designed 
for measuring relative humidity H,.;, meets all the 
above requirements and combines them with 
very low price. It consists of a perforated plastic 
case (Fig. 1) containing a stretched membrane 
of non-conductive foil coated on both sides with 
gold, the membrane and coating forming respec- 
tively, the dielectric and electrodes of a parallel 
plate capacitor. 

Changes in relative humidity bring about varia- 
tion in sensor capacitance C,. This in turn is con- 
verted by appropriate circuitry into a d.c. voltage 
that can be used to give a direct indication of 
relative humidity, or to serve as the monitoring 
signal of an automatic humidity control system. 
The sensor thus avoids the readout problems 
associated with mechanical devices in that it 
relies solely upon variation of an electrical 
parameter (i.e. capacitance) and hence can be 
incorporated directly into an electronic measur- 
ing Circuit. 


Philips Components « Airport Road, P.O. Box 760 « Mineral Wells, TX 76067 + (817) 325-7871 + FAX: (817) 325-1052 


It is designed for a measuring range of H,e, 
between 10% and 90%, and possesses the advan- 
tage that its long-term characteristics are unaf- 
fected by condensation of water on the foil surface. 
Aggressive pollutants in the air have little effect 
upon performance, but it is important to note that 
the foil should not be exposed to the vapours of 


some solvents such as acetone. 


The sensor should not be used in applications 
requiring a high degree of precision, e.g. scien- 
tific work. Indeed as we shall see later, its accuracy 


precludes such application. 


== 15}510'5) = 


Fig. 1 Dimensional drawing of the humidity sensor. Dimensions in mm. 


Capacitance C, comprises a constant contribu- 
tion C, and a contribution AC dependent upon 
relative humidity, i.e. C, = C, + AC. Figure 2 
shows the dependence of C, on H,,., and it is 
evident that this dependence is quite marked. 


However, since the relationship is non-linear, to 


obtain a direct indication of humidity, either a 
non-linear scale must be employed or the output 
signal must be processed by a linearizing circuit. 
The most obvious method of generating an out- 
put signal from the sensor is by means of a bridge 
network. Although this method yields good results 
in practice, it is somewhat expensive. In the fol- 
lowing, we describe three inexpensive circuits for 
generating an output signal, all based upon the 
measurement of pulse width differences, the cir- 
Cuits exhibiting varying degrees of sophistication. 


Fig. 2 Relationship between relative humidity H,., and sensor capacitance. 
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MEASUREMENT OF PULSE WIDTH 
DIFFERENCES 
The operating principle of a circuit based upon 
the measurement of pulse width differences 
is shown in Fig. 3. 
The circuit comprises two synchronized multi- 
vibrators M; and Mo, the former connected to 
a trimmer capacitor C; and the latter connected 
to the humidity sensor of capacitance C,. M; and 
M. produce pulses of duration t; and ts propor- 
tional to C; and C, respectively. This is shown in 
Fig. 4. The pulse width difference t3 is given by 
tg=to—t,. It is convenient to choose M, and Mo 
with equal proportionality constants so that if Cry 
is adjusted to be equal to Cp, t3 will be propor- 
tional to AC. 
Choosing the pulse frequency to be 1/T, where 
T=2t, (see Fig. 4), and assuming that all pulses 
have equal amplitude Vp, then the mean output 
voltage will be: 
Vo=(ts /T)Va=(AC/2C,) Vp. 
The temperature and voltage dependence of t3/T 
are very small provided that: 
m™ the characteristics of both multivibrators are 
identical (being constructed for example from 
a single LOCMOS circuit HEF4001B) 
m C, and C; have equal temperature coefficients. 
The output voltage V, is directly related to the 
supply voltage which should therefore be sta- 
bilized for best results. 


Fig. 4 Formation of pulses in the circuit of Fig. 4. 


PRACTICAL CIRCUITS 

Figure 5 shows a design based upon two inte- 
grated LOCMOS circuits HEF4001B. The circuit 
is battery powered with a supply voltage of 4,5 V 
and a current drain of about 0,1 mA. Multivibra- 
tors M, and Mp are each formed by a pair of NOR 
gates in the first LOCMOS circuit. Pulses pro- 
duced by M; and Mp are fed to the second 
LOCMOS circuit which produces an output signal 
proportional to the pulse width difference, the 
four NOR gates of this circuit being connected 
in parallel to provide comparatively low output 
impedance. It is thus possible to connect a 50yA, 
1kQ meter to the output via a 22 kO potentiometer. 


698 Philips Components ¢ Airport Road, P.O. Box 760 ° Mineral Wells, TX 76067 ¢ (817) 325-7871 ° FAX: (817) 325-1052 


Capacitive humidity sensor 
aa as ST SSI SIS re ge ee aS | a 


Table 1 gives the relationship between H,., and _ Parasitic oscillations in the circuit are suppressed 
pointer deflection, this being non-linear owing by an RC network (1500, 1 nF). By increasing 
to the non-linear relationship between humidity the capacitance in the RC network to 1uF the 
and capacitance. This can be corrected, however, circuit can be driven by a 3 V supply. Note, how- 
by appropriate circuit design (see below) thus — ever, that at this lower supply voltage accuracy 
permitting the use of a linearly divided scale. will decrease considerably. 


A low value of trimmer capacitance C, facilitates This comparatively simple circuit is inexpensive, 

accurate adjustment. Should this value prove too _ its operation is reliable and its accuracy is suffi- 

low, however, an additional capacitance of 22 pF cient for many applications. If it is fed by two or 

(C,) can be added. three pen-light elements, continuous operation 
for about one year is possible. 


Figure 6 shows a more elaborate circuit com- 


prising a Stabilized supply voltage and a lin- 
€arizing circuit. 


TABLE 1 Relationship between H,,, and the required subdivision of the meter scale 


| Hs | o | 10 | 20 [0 | 40 | 50 | 60 | 70 | a0 | 90 | 100 
| detection») | 0 | 66 [1922 [205 |200 [368 [460 [566 [67.6 [a1 | 100 


' HEF 40018 
(tes 


C2=C3=47pF P100 2222 632 04479 
C4=3...47pF 2222 808 11409 
C6 = 22pF P100 2222 632 04229 (optional) 


H = HUMIDITY SENSOR 2322 691 90001 
Fig. 5 Simple measuring circuit without linearization. 
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H = HUMIDITY SENSOR 


Fig. 6 Measuring circuit with linearization and stabilized supply. 
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Voltage stabilization is achieved by transistors 
TR;, TRe and TR3. TR; acts as a series regu- 
lator, reference being provided by the base- 
emitter voltage of TR». The collector current of 
TR» drives TR3 which acts exclusively as an ampli- 
fier. The temperature dependence of the refer- 
ence voltage is compensated by a 68 kQ NTC 
thermistor. A 220 kQ variable resistor is used to 
adjust the supply voltage to 4,2 V. 

The principle of the linearizing circuit is illus- 
trated in Fig. 7. Voltage pulses supplied by the 
meaning circuit of Fig. 6 charge capacitor C 
via diode D and resistor R;. At the same time 
a discharge current proportional to the voltage 
across the capacitor flows through resistor Ro 
and an additional current flows from the 4,2 V 
supply line via resistor R3. The output voltage 
V, is thus a non-linear function of V,, and by 
judicious choice of C, R; and Ro, this function can 
be so profiled that the relationship between H,., 
and V, is made substantially linear. 


Figure 8 shows a printed circuit board for a version 
intended for use with a meter (50wA, 1kQ), and 
Fig. 9 shows a version mounted on an identical 
circuit board producing an output voltage between 
O and 1 V (for use in an automatic humidity 
control system). Note that the same circuit board 
can be used for the circuit of Fig. 5. 
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Fig. 7 Principle of the linearizing circuit. 


Figure 10 illustrates how the circuit of Fig. 6 can 
be adapted for connection to an external power 
supply providing a voltage V, of at least 7 V. 
Resistor Rg should be chosen such that Rg ~ 
(Vg—Vsr)/2 mA, where Vsz is the voltage required 
to supply the measuring circuit (6,5 V + 5% main- 
tained by a temperature compensated reference 
diode BZV11). 
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Fig. 8 Printed circuit board equipped with components for connection 
to a meter. 
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Fig. 10 Measuring circuit suitable for connection to an external sta- 
bilized supply. 
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ADJUSTMENT PROCEDURE 

To obtain optimum performance the following 

adjustment procedure is recommended. 

m= By means of the 220 kQ variable resistor, adjust 
the supply voltage to 4,2 V. 

(This step is omitted for the circuits of Figs 5 
and 10.) 

m Replace the humidity sensor by a 118 pF capac- 
itor and adjust C, to produce a minimum out- 
put signal. 

m Replace the 118 pF capacitor by one of 159 
pF and adjust the 22 kQ potentiometer (in Fig. 5) 
or the 10 kO potentiometer (in Figs 6 and 10) 
to produce full scale deflection on the meter 
(if used) or an output of 1 V. 

m@ After removing the 159 pF capacitor, replace 
the sensor and readjust C, until the output 
(either voltage or meter reading) corresponds 
to the ambient humidity (measured by indepen- 
dent means with H,,; preferably about 50%). 


CHARACTERISTICS 

OF THE HUMIDITY SENSOR 

The relationship between H,.e, and C, (Fig. 1) can 
be approximated by: 


C,/C,(12%)=0,985 + 0,34(H,e/100)'4 
where C,(12%) is the capacitance at H,.; = 12%. 


Capacitance C, depends to some extent upon the 
operating frequency. This is illustrated in Fig. 11 
which shows the influence of frequency upon 
capacitance based upon a reference frequency 
of 100 kHz. As further illustration we present 
Table 2 which gives values of C, (at H,.;=0%) 
for four different frequencies. Also shown are 
values of AC at H,.=12% and 100%. 


Fig. 11 Influence of frequency upon sensor capacitance C, based upon 
a reference frequency of 100 kHz. (Note this curve also represents the 
influence of frequency on AC and C.,,.) 


TABLE 2 Capacitance of the humidity sensor adjust reference frequen- 
cies (nominal values) 


frequency Cy (pF) AC (12%) AC (100%) 
f (kHz) (H,.: = 0%) (pF) (pF) 
1 116,1 3,6 45,5 
10 ln IZ27 SHO 44,2 
100 109,0 Sy) 42,7 
1000 104,6 6h.) 41,0 


The response of the sensor is shown in Fig. 12. 
Following a rapid change of humidity, a time of 
about 3 minutes is required for the sensor to 
again provide a stable reading. 

Some important additional data on the humidity 
sensor are presented in Table 3. 


Note that if H,.; exceeds 90%, even slight tem- 
perature variations can lead to condensation of 
water on the sensor foil; this in turn will cause 
measuring errors and a considerable increase 
in response time. Also, although it is feasible to 
measure values of H,.; below 10%, the sensitivity 
of the sensor is not specified in this region. 


TABLE 3 Characteristics of the humidity sensor 


Capacitance 
(T=25°C, H 
sensitivity 
(H,.;=43%) 
operating frequency range 
temperature dependence 

(over operating frequency range) 
measuring range 

operating temperature range 
storage humidity range 

storage temperature range 
maximum operating voltage 

(a.c. or d.c.) 

dielectric loss (tan 6) 

(at t=25°C, f=100 kHz) 

response (90% value) 

within the range of H,,,=10% to 43% 
within the range of H,,=43% to 90% 
(Tamb=20°C, in circulating air) 
hysteresis at one cycle 

(H,,;7 10% 90% 10%, 

soldering conditions 


=43%, f=100 kHz) 


rel 


122pF + 15% 
(0,4 + 0,05)pF/% 


1 kHz to 1 MHz 
~0,1%/K 


H,,, between 10% and 90% 
0°C to 60°C 

H,,., between 0% and 100% 
—25°C to 80°C 

15 V 


=<35) nO 
<3 min. 
<5 min. 
=~ 3% (Hi) 


max. 240°C 
max. 2 seconds 
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Fig. 12 Response of sensor to rapid changes in humidity (a) from 43 to 
75%, (b) from 75 to 43%. 


MEASURING ACCURACY 

To provide some indication of the accuracy avail- 
able, we shall consider in this section the major 
factors contributing toward errors of measurement. 


Temperature effects 

Since all components used in the circuits are 
temperature sensitive to some extent, readings 
from the sensor will be affected by temperature 
fluctuation. 

The sensor itself has a temperature coefficient 
of 0,1%/K (Table 3) giving a deviation in measure- 
ment of 2,5% for a temperature fluctuation of 
+25K. However, this is compensated in part by 
the effect of capacitors Co, C3; and Cg, (which 
are selected for their high positive temperature 
coefficients). 

In the circuit of Fig. 6 a further contribution will 
come from the diode in the linearizing circuit. 
The temperature coefficient of the pulsatory volt- 
age at the cathode side is 0,5 < 10°°/K so that 
a temperature fluctuation of +25 K gives a devia- 
tion of £1,25%. 


The total temperature effect is given in Fig. 13 
(with and without linearization), the absolute 
value of the deviation 4H,,; being plotted against 


Hret- 


1rerose 


Fig. 13 Total temperature effect as a function of H_,, for a temperature 
fluctuation of +25 K. 
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Voltage effects 

Fluctuations of the supply voltage produce cor- 
responding changes in output voltage, this effect 
being independent of the relative pulse width (i.e. 
ts/T). In the case of an unstabilized supply a 10% 
tolerance in battery voltage will thus produce a 
10% uncertainty in the output signal. Stabiliza- 
tion of the supply reduces fluctuation to about 
1% so that uncertainty in the output signal is 
reduced accordingly. 


Effect of imperfect linearization 

Since it is not possible to compensate wholly 
for non-linearity, errors arising from imperfect 
linearization are inevitable. These are shown in 
the graph of Fig. 14. Errors are most pronounced 
at values of H,.;>90%. For H,.,; between 20% and 
90% the error remains below 1%. 


The total effect 

If the circuit of Fig. 5 (unstabilized supply) is 
calibrated at H,.; ~ 50%, the overall measuring 
error can be as high as +10% at the mid-point 
of the range and +16% at the 10% and 90% points. 
Stabilization of the supply voltage (Figs 6 and 10) 
reduces these errors to +5% and +8% respec- 
tively. In most cases, however, measuring errors 
will be far less than these figures. 


Fig. 14 Errors arising from imperfect linearization. 

PRACTICAL HINTS 

The formation of dew on the measuring circuit 
(caused for example by a sudden temperature 
drop) may lead to surface leakage and hence to 
false sensor readings. We therefore recommend 
that all components be given a surface treatment 
(e.g. plastic spray) prior to their being mounted 
on the circuit board, and that subsequent to 
mounting, the soldering side of the circuit board 
be treated in like manner. 

Stray capacitance across the sensor increases 
considerably if it is connected to the measuring 
circuit by flexible cable. This leads to a reduction 
in relative pulse width (t3/T) and hence to a drop 
in accuracy. If the use of such cable is unavoid- 
able, the trimmer capacitance should be increased 
accordingly, and where linearization is employed 
(i.e. Fig. 6), the resistance in series with the 


potentiometer should be reduced. 
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PORTABLE HYGROMETER 


VT&S Type: Humidity sensor 
Application: Industrial/Domestic 
Function: Measurement/Control 
Until recently, the only reliable hygrometers were 
mechanical and were considered too costly 
for widespread use. With the advent of the elec- 
tronic humidity sensor, a whole host of appli- 
cations became possible for electronic sensing 
circuits, ranging from tumble dryers to industrial 
air humidifiers. Apart from low cost and relia- 
bility, an electronic sensing circuit has several 
other advantages over mechanical hygrometers. 
@ It can be incorporated directly into an electrical 
measuring circuit 
m It is easier to operate and maintain 
m@ It can be used to drive a variety of humidity 
displays and control appliances 
@ It is easier to calibrate 
@ It is smaller and therefore ideal for portable 
applications 
You'll now find humidity sensing circuits in: 
m Air conditioners and humidifiers in factories 
and at home 
@ Greenhouse climate controllers 
@ Tumble dryers 
@ Automatic extractor fans 
# Automatic windscreen wipers 
= Microwave-oven safety switch-off (see VT&S 
sheet 20) 
@ Home and weather station hygrometers 


APPLICATION EXAMPLE 

The sensor itself comprises a dielectric foil whose 
capacitance varies with relative humidity (RH). 
In a practical circuit the sensor is used in con- 
junction with two oscillators, one with a fixed 
frequency and the other with a frequency varying 
with the sensor’s capacitance. The frequency 
difference is translated into a pulsed output 
voltage with an average value proportional to 
the mark/space ratio. This can then be used to 
drive a meter, graph recorder or LED display (see 
Fig. 1). 

Battery voltage, of course, influences the oscil- 


lator frequencies and so a battery check is 


included in the circuit. 
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Because the sensor’s characteristic is non-linear, 
the average output voltage used to drive the 
meter also varies non-linearly with humidity. If a 
linear scale is required then the circuit shown 
in Fig. 2 may be added to the output. 


C2=C3=47pF P100 2222632 04479 
C4=3... 40pF 2222 808 11409 
C6 = 22pF P100 2222 632 04229 (optional) 


H = Humidity sensor 2322 691 90001 


Fig. 1 Simple humidity measuring circuit without linearization 


Fig. 2 Linearization circuit for humidity measuring circuit 
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Fig. 3 Measuring circuit with linearization and stabilized supply 


Fig. 3 gives a variation of the circuit with a sta- 
bilized supply using a 4,5 volt battery. As the 
total circuit current consumption is only about 
100 yA, battery life should be at least one year: 
Technical Information 063 (ordering code no. 
9398 036 30011) describes in detail how the cir- 
Cuit may be adapted for LED or graph recorder 
displays. 

To improve battery lifetime and performance, a 
higher voltage battery than the necessary 4,5 
volts (9 volts, for example) may be used by incor- 
porating a zener stabilizer (see Fig. 4). 


Calibration procedure 

To calibrate the hygrometer a nominal battery 
voltage of 4,2 volts is required. The sensor, in 
Fig. 1 or Fig. 3 is replaced by a 2%, 118 pF 
Capacitor and C4 is adjusted for minimum meter 
read-out. The 118 pF capacitor is then replaced 
by a 2%, 159 pF capacitor and the 22 kQ resis- 
tor in Fig. 1, or the 1 kO resistor in Fig. 3 is 
adjusted for a maximum meter readout. With the 
sensor replaced in the circuit, C4 is again adjusted 
until a known humidity is correctly displayed. 
This can be done by placing the sensor in a 
closed environment with some potassium car- 
bonate (Fig. 5). 


Fig. 4 Zener stabilizer for supply from higher voltage batteries 
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Temperature (°C) 1s | 20 | 25 


Relative humidity (%) | 44 44 43 
inside jer 


Fig. 5 Calibration procedure for electronic hygrome ter 


Fig. 6 Outline diagram for the recommended 
humidity sensor 


SUITABLE DEVICE 

2322 691 90001 humidity sensor (see Fig. 6) 
Humidity range 10 to 90% RH 
Capacitance at +25°C, 43% RH 122 pF + 15% 


Sensitivity between 33% and 0,4 + 0,05 pF/% RH 
43% RH 


Frequency range 1 kHz to 1 MHz 
Maximum a.c. or d.c. voltage 15 V 
Storage humidity range 0 to 100% RH 


Ambient temperature range 
Operating 0 to +85°C 
Storage —25 to+85°C 
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HUMIDITY CONTROLLER FOR MICROWAVE 
OVEN 


VT&S Type: Humidity sensor 
Application: | Consumer 
Function: Control 


A microwave oven operates by focusing micro- 
wave energy onto food which then causes water 
molecules contained in the food to resonate. 
This molecular vibration in turn causes heating 
and then the rapid cooking process begins. The 
problem with this kind of oven is that food with 
a high liquid content, soup for instance, could 
boil over. To prevent this, we suggest a control 
Circuit for the oven containing our humidity sensor 
which detects an excessive level of steam and 
then automatically switches off the oven and 
gives a warning signal. 


APPLICATION EXAMPLE 

The heart of the circuit (Fig. 1) consists of two 
identical ICs (HEF4001) although their functions 
are very different. IC1 is configured as two similar 
oscillator circuits and IC2 as a simple NOR gate. 
The frequencies of the oscillators are quite close 
but one is controlled by a variable capaitor and 
the other by the humidity sensor’s capacitance. 
Consequently, any rise in the humidity results in 
the frequency of that oscillator falling, the fre- 
quency difference manifesting itself as a pulse 
train at pin 11 of IC2, with lower mark/space ratio. 
The voltage across C4 is then amplified (approx- 
imately ten times) by a 532 operational amplifier 
whose output is then compared with a reference 
voltage (about 3,1 volts) defined by R8 and R9. 
If the relative humidity exceeds a predetermined 
value, output 7 of the operational amplifier goes 
low, Causing a trigger current to flow via R11. 
Similarly, if the realtive humidity decreases out- 
put 7 goes high, the hysteresis being determined 
by R10. Once the triac is triggered, it can either 
turn the oven off or switch a fan on. 
Continuous triggering uses a lot of power so a 
sensitive triac (BT136D) with negative triggering 
is used. The power supply is obtained via a 
“dropper” circuit from the mains supply, a d.c. 
existing across C6. The supply for the ICs is 
obtained via R13 and D3, a 6,2 volt zener diode. 
Fig. 2 shows a suitable PCB layout for the circuit. 
Incidentally, the triac is protected against high 
voltage spikes by one of our transient protection 
varistors (2322 593 62512). 


Fig. 1 Humidity control circuit for microwave oven using RH-sensor 
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SUITABLE DEVICE 
2322 691 90001 humidity sensor (see Fig. 3) 


Humidity range 10 to 90% RH 
Capacitance at +25°C, 122 Db == 100 
43% RH 
Sensitivity between 33% 0,4 + 0,05 pF/% RH 
and 43% RH 
Frequency range 1 kHz to 1 MHz 
Maximum a.c. or d.c. 15 V 
voltage 
Storage humidity range 0 to 100% RH 
Ambient temperature range 
Operating Od + 65°C 
Storage —25 to’+85°C 


Fig. 3 Outline diagram for the recommended humidity sensor 


Fig. 2 Printed circuit board for the microwave oven humidity control 
circuit 
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RESULTS OF TESTING HUMISTORS BY THE 
NATIONAL AGRICULTURAL INSTITUTE OF THE 
NETHERLANDS AND BY PHILIPS 

Humistors have long been used in such places 
as greenhouses, offices and meat processing 
areas, but recent years have seen a significant 
increase in their use in more aggressive envi- 
ronments such as pig sties and chicken farms. 
This has prompted a series of investigations 
into their long-term stability and accuracy, par- 
ticularly under adverse conditions. 

Notable among these investigations have been 
those carried out on capacitive humistors by the 
Technical and Physical Research Service, which 
is part of the National Agricultural Institute of The 
Netherlands. Interest in the capacitive humistor 
itself, which consists of a thin hygroscopic polymer 
foil acting as a dielectric between two electrodes 
(Ref. 1), was prompted by persistent questions 
from potential users who felt that ‘mirror dew 
point’ meters were too expensive and that wet- 
and-dry bulb hygrometers (psychrometers) were 
too laborious to use. 

To obtain a reference for stability measurements, 
all humistors were calibrated in the 30% to 90% 
RH range at an ambient temperature of 25°C. 
The humistors were subjected to a 30%—90%— 
30% humidity cycle in 15% increments, and read- 
ings were taken from the humistors at each 
increment 30 minutes after the climate had 
reached equilibrium. This cycle was performed 
twice giving a total of 16 measuring points for 
each humistor. 
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ADDITIONAL TESTS PERFORMED BY PHILIPS 
Philips has performed a series of additional tests 
to supplement those done by the Institute, which 
were not specifically directed towards investi- 
gating the humistors’ behaviour under adverse 
conditions. 

The tests were performed monthly between July 
and December. Four typical environments were 
selected: outdoor environment, cheese store, a 
pig sty and a greenhouse. Fig. 1 shows the results 
of these tests. 

In particular, the atmosphere in a pig sty (or for 
that matter a chicken farm) normally contains a 
rather high proportion of ammonia, and although 
the results here (Fig. 1(c)) were quite satisfactory, 
the investigators considered it worthwhile to 
perform more severe tests. 

The most severe conditions that occur in practice 
would be an ammonia content in the air of 15 
mg/m (Ref. 2). To increase the severity of the test 
therefore, the investigators used air with an 
ammonia content 100 times this level. 

The test conditions were as follows: 

@ ammonia content of air 1500 mg/m? 

@ RH in test chamber 80% 

@ test duration 10 days 

@ test temperature +25°C 

and the humistors tested were: 

@ 10 type 2322 691 90001 

@ 10 type 2322 691 90003 


Test results are given below: 
Ammonia test results 


humistor AC AC loss factor 
type Gukasae. (tan 3) 
90001 | +1,7 to +2,8% | +2,3% 0,010 to 0,013 
90003 | +2,5 to +3,1% +2,7% 0,010 to 0,012 
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pn 
PANEL 1 
EXTRACT FROM INSTITUTE REPORT 


At the start of the investigations, all humistors 
were measured at 14, 25 and 40°C. Within the 
limits of obtainable accuracy (0,05 to 0,1% RH/k), 
no deviations from the humistors’ specification 
could be found. 

It is emphasized here that all results in this report 
refer to the humistors alone, and that the temper- 
ature coefficients of measuring instruments and 
humistor combined exceed those of the humistor 
alone. This means, of course, that a user must 
take care to verify the quality of his instrument 
even if a reliable humistor has been used. 


CONCLUSIONS AFTER SIX MONTHS’ 

INVESTIGATION WERE: 

1. Capacitive thin-film humistors are more stable 
than resistance type humistors. 

2.Most humistors tend to indicate excessive 
humidity. 

3. Humistors outside and in a greenhouse envi- 
ronment show more error than those in pig 
sties and the cheese storehouse (up to 12% 
RH compared with 2 to 3% RH). Condensation 
on the meter, which could be one reason for 
this, will be investigated further. 

4. The hysteresis of capacitive humistors at high 
humidities must be considered, especially if 
the humistor is used for control purposes. 


710 Philips Components ° Airport Road, P.O. Box 760 * Mineral Wells, TX 76067 + (817) 325-7871 * FAX: (817) 325-1052 


Capacitive humidity sensor 


4RH 
(%) 


4AH 
(%) 


16 30 45 60 75 90 
RH (%) RH (%) 


Fig. 1 Graph of humistor stability in various environments. 
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726304) 1 


Fig. 2 Dimensions of the capacitive humistor. 


On completion of the test, no blemishes or other 
damage could be found on any of the humistors 
tested. 

These tests apparently caused no problems for 
the humistors so the investigators decided to test 
them in even more aggressive environments. They 
were therefore tested in a saline spray, in an SO. 
atmosphere and in a swimming pool (chlorinated) 
atmosphere. 

From these tests the experiments concluded that 
the saline spray and chlorinated atmosphere 
could both cause damage to the humistors, and 
that, within reason, an SO, atmosphere could be 
tolerated. 
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SOLVENCY TESTING OF 
PHILIPS CAPACITIVE HUMIDITY SENSOR* 


SOLVENCY SOLVENT 

Ethyl Acetate 
Acetone 

HCl, 10% 

HCl, concentrated 


Nitric Acid, 10% 

Nitric Acid, concentrated 
Sulfuric Acid, 10% 

Sulfuric Acid, concentrated 


Alcohols 

Benzene 

Methylene Chloride 
Water 


Gasoline 
Lavender Oil 
Turpentine 
Ether 


Formaldehyde 

Linseed Oil 

Mineral Oil 

Premium Gasoline Mixture 


Orthochlorophenol 
Perchloroethylene 
Potassium Hydroxide, 10% 
Potassium Hydroxide, 50% 


Carbon Tetrachloride 
Trichloroethylene 
Xylene 


SOLVENCY CODES: 


MOABM WNHNO HYMOHH]NM HONFS$ HOAAH ANWHW WHoOUWUM 


1 stable 

2 stable, waving foil 
material 

3 unstable 

4 unstable, waving in 
foil material 

5 soluble 


“translated from French (source: manufacturer of polymer dielectric 
used in Humistor), November, 1987. 
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COMPETITOR CROSS REFERENCE 


COMPETITOR 
NUMBER 


1000-2270 
1000-2200 
100SX 
104 
101R 
101SR 
101SX 
101T 
101X 
102 
102 
102T 
106 
106 
109D 
109D 
112 
112 
120 
121 
122 
123 
1300 
130D 
1350 
135D 
1370 
1380 
139R 
140 
1400 
1400 
1410 
1410 
142 
143 
145 
146XR 
148 
150 
150 
1500 
1500 
150SX 
150TX 
151D 
182 
152 
152 
152D 
158 
158X 
160 
160 
167/184 
167 
168/185 
168 
170 
71 
171 
71 
172 
1720 
1730 
1760 
179D 
180 
180W-222W 
181 
1817 
1818 
182 
1822 
1823 
1826 
1836 
184 
1840 
1841 
1845 
185 


COMPETITOR 
NAME 


MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
DALE 

SANGAMO 

SANGAMO 

DALE 

DALE 

DALE 

SANGAMO 

SEACOR 

BREL (PMC) 

DALE 

BREL (PMC) 

SEACOR 
SPRAGUE 
SPRAGUE 
SEACOR 
FENWAL 
FENWAL 
FENWAL 
SEACOR 
SEACOR 
SPRAGU 
SPRAGU 
SPRAGU 
SPRAGU 
SPRAGU 
SPRAGU 
SANGAMO. 
FENWAL 
SPRAGUE 
SPRAGUE 
SPRAGUE 

SPRAGUE 

FENWAL 

FENWAL 

FENWAL 

AEROVOX (ACUSHNET) 
MALLORY 

VRN 

FENWAL 

SPRAGUE 

SPRAGUE 

DALE 

DALE 

SPRAGUE 


E 
E 
E 
E 
E 
E 


MALLORY 
WESTLAKE 
VRN 

VRN 
WESTLAKE 
MALLORY 
MALLORY 
SPRAGUE 
SPRAGUE 
SPRAGUE 
SPRAGUE 
VRN 
MIDWEST COMPONENTS 
VRN 
ROEDERSTEIN 
ROEDERSTEIN 
VRN 
ROEDERSTEIN 
ROEDERSTEIN 
ROEDERSTEIN 
ROEDERSTEIN 
WESTLAKE 
ROEDERSTEIN 
ROEDERSTEIN 
ROEDERSTEIN 
WESTLAKE 


PHILIPS 
COMPONENTS 
PART NUMBER 


2322 660,2322 680 
2322 660,2322 680 
CT-6H*,8038 EKV 
3188 

3188 

CT-6N* 

CT-6X* 
CT-6R*,8038 EKP 
31886 

70801 

712A1 

8038 EKH* 

719A1 

712A1 

40LW 

40EW 

70881 

2322 626,2322 633 
2322 640,2322 642 
2322 626,2322 633 
70361 

719F1 

40LW 

40EW 

40BW 

40AW 

40SW 

40SW 

3191 

2322 640,2322 642 
43XW/CLR14 
43XW/CL14/CL16 
43XW/CLR17 
43XW/CL17/CL18 
2322 640,2322 642 
2322 640,2322 642 
2322 640,2322 642 
704C1 

708E1 

RJ-13P* 

2322 640,2322 642 
40SS 

40XS 

8038 EKZ* 

8038 EKR 

40NS 

70801 

2322 640,2322 642 
708D1 

40XS 

7191 

7194 
712A1,719A1 
719A1 

719A1 

719A1 

719A1 

719A1 
CT-6W*,8014 EKW 
CT-6P* 8014 EKP 
719A 

TI9FA/F2 

703E1 

40TS 

40MS 


“40TS 


40YS 
CT-6WW* 
2322 660,2322 680 
CT-6P* 
719A (370) 
719A (371) 
CT-6X* 
719A (344) 
71941 
719A1 (370 
719F1 (376 
71941 
719F2 (378 
7192 (378) 
719F2 (378 
719A1 


PAGE 
NUMBER 


649,679,683 
649,679,683 
546,541 

30 

30 

5 

545,541 


329 

313 

423 

602-606 
607,614,615,619 
602-606 

423 

436 

329 


607,614,615,619 
348,227 

348,212 
348,228 

348,214 
607,614,615,619 
607,614,615,619 
607,614,615,619 
427 

432 

549 
607,614,615,619 
373 

384 

542 

542 

365 

408 
607,614,615,619 
408 

384 

458 

458 

413,418 

418 

418 

418 

418 

418 

545 

545 

436 

436,437 

432 

380 

369 

380 

388 

545 
649,679,683 

545 

418 

418 

545 

418 

418 

418 

436 

418 

437 

437 

437 

418 


COMPETITOR 
NUMBER 


186 
1862 
190D 
195 
196D 
198 
199D 
1C-9C 
1D1-3D1 
102-302 
1D3-3D3 
1D4-3D4 
1D5-3D5 
107-307 
1D9-3D9 
100-400 
2020 
260-10 
260-208 
260-207 
3006 Y 
3006 P 
3262 X 
3262 W 
3262 P 
3266 W 
3266 P 
3266 X 
3292 P 
3292 W 
3292 X 
3296 Y 
3296 W 
3296 P 
3296 X 
3299 W 
3299 X 
3299 Y 
3299 P 
32D 
32DR 
32DX 
32M 
32MM 
32PC 
32PMC 
3314 J 
3323 $ 
3323 P 
356 
356R 
363 
400-405 
4M 

500 
500R 
500X 
501 
576D 
5920 
602D 
602Dx 
608 
6220 
636D 
663UW 
715C 
80D 
818-81G 
810 

820 
863UW 
920C-923C 
A-21 
AL-G1 
AS/AR 
AT 

AWS 
BR3C 

C 
€312-C350 
C4 


COMPETITOR 
NAME 


WESTLAKE 
ROEDERSTEIN 

SPRAGUE 

FENWAL 

SPRAGUE 

FENWAL 

SPRAGUE 

SPRAGUE 

MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
MIDWEST COMPONENTS 
SPRAGUE 

VRN 

VRN 

VRN 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

BOURNS 

SPRAGUE 

SPRAGUE 

SPRAGUE 

WESCO 

WESCO 

WESCO 

WESCO 

BOURNS 

BOURNS 

BOURNS 

GUDEMAN 

C-D 

GUDEMAN 

MIDWEST COMPONENTS 
WESTCAP SFE 
SANGAMO 

SANGAMO 

SANGAMO. 
EMCON/KYOCERA 
SPRAGUE 

SPRAGUE 

SPRAGUE 

SPRAGUE 

TRW 

SPRAGUE 

SPRAGUE 
TRW 
CERAMITE, SPRAGUE 
SPRAGUE 
MIDWEST COMPONENTS 
SPRAGUE 
SPRAGUE 
TRW 
SPRAGUE 
DALE 
KEYSTONE 
TRANSISTOR 
TRANSISTOR 
NSSI 

TRW 

DALE 

KEMET 
CORNING 


*Philips Components Part Number “This Cross Reference is not meant to infer exact inter- 
changeability in all instances, but in most cases, pin configuration, performance specifications, 


and basic dimensions are similar.” 


NOTE: ALL MATSUSHITA-PANASONIC and SIEMENS part numbers are in series order 
designated by last set of numbers (Ex. ERZ-CO5DK470, SO5K30). 
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PHILIPS 
COMPONENTS 
PART NUMBER 


PAGE 
NUMBER 


719A1 418 
719B1 (344) 425 
41PS 369 
2322 626,2322 642 
41GS 355 
2322 626,2322 642 
416S 355 
K 142 
2322 640,2322 642 
2322 640,2322 642 
2322 610,2322 645 600,601,627 
2322 644,2322 645 623,627 
2322 644 623 

2322 644 623 

2322 644 623 

2322 626,2322 633 602-606 
43JW 320 

8026 EKP* 540 

8026 EKW* 

8026 EKX* 

CT-20X* 

CT-20P* 

8026 EKX* 

8026 EKW* 

8026 EKP* 

8026 EKW* 

8026 EKP 

8026 EKX* 

CT-9P* 8024 EKP 

CT-9W* 8024 EKW 

CT-9X* 8024 EKX 

8024 EKY* 

CT-9W*,8024 EKW 

CT-9P* 8024 EKP 

CT-9X* 8024 EKX 

CT-9W* 8024 EKW 

CT-9X*,8024 EKX 

8024 EKY* 

CT-9P* 8024 EKP 

3188 

3188 

3188 

70801 

708A1 

708G1 N/A 

70881 

ST-4A 

CT-6S° 

CT-6P* 

70801 

70801 

708A1 

2322 640,2322 645 

719A1 

3188 

3188 

3188 

P 

40ZS 

A 

3188 

3188 

70801 

3191 

3188 

70801 

. 

3487 

2322 626,2322 633 602,606 
3488 30 

3487 60 

704C1 427 

P 158 

5053Y 504 

2322 626,2322 633 602-606 
40BW 305 

40AW 298 
TAQFI/F2 436,437 
5073Y 504 

2322 610,2322 645 600,601,627 
K 142 
5043T,5043E 489,513 


602,603,615,619 


602,603,615,619 


607,614,615,619 
607,614,615,619 


COMPETITOR 
NUMBER 


€410-€440 
C5 
C630C 
CA-CB 
CAC 
C50 
C055 
CCA 
CCB 
CCF-55 
CCF-50 
CCF-07 


ERO-50CK 


ERO-50CH 
ERO-51CKJ 


COMPETITOR 
NAME 


KEMET 
CORNING 
KEMET 
FENWAL 
AVX,CORNING 
ANGSTROM 
ANGSTROM 
TRW 

TRW 

DALE 

DALE 

DALE 
MIDWEST COMPONENTS 
TRW 
AVX,UNITRODE 
MIDWEST COMPONENTS 
TRW 

TRW 

MARCON 
MALLORY 
AVX,UNITRODE 
MALLORY 
MALLORY 
MALLORY 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
CORNING 
KEYSTONE 
DALE 

DALE 

DALE 

DALE 

DALE 


DALE 
SEACOR 
CAPAR 
MALLORY 
ANGSTROM 
ANGSTROM 
CORNING 
R-OHM 
R-OHM 
R-OHM 


R-OHM 
R-OHM 
AVX,CORNING 
CORNING 
CORNING 
CORNING 
MIDWEST COMPONENTS 
MAIDA 
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C-D 
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A 
5053T,5053H 
P 

2322 642 

A 

5013V 

5023V 
5043M,5033V,5043R 
5053R,5043V 
5043E 

5063J 

5043E 

2322 660,2322 644 
5033R,5023V 
P 

2322 680 
5033R,5023V 
5073Y 

3480 

3188 

GA 

3191 

3188 

3186 

5013V 

5023V 

5033V 

5013V 

5023V 

5033V 

5013V 

5023V 

5033V 

2322 610,2322 644 
5053R 
5043T,5043E 
50537,5053H 
5023R 
5043M,5053H, 
5053T,5043R 
5033R,5043E,5043T 
719B1 

5033R 

40YW 

5025A 

5035A 
5043T,5043E 
5043M,5053H,5043R 
5043T,5053H 
5033R,5043E, 
50437,5063J 
5023R 
5043M,5043R 
K 
5053T,5053H 
5043T 

5033R 

2322 610,2322 644 
2322 592,2322 596 
2322 644 

T 

3186 

U,D.S 

0S 

I 

712M 

2322 644 
5043V 

5033V 

5023V 

5013V 

5053U 

5033U 

5043U 

5033R 
5043M,5043R 
5033R 

5033R 
5043R,5053H, 
5043M,5053T 
5043R,5053H,5043M 
5053H 
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132 
494,513 
158 
615,619 
132 

520 

520 
511,515,520 
511,515,520 
489 

482 

489 

649,657 
511,515,520 
158 
679,683 
511,515,520 
504 

51 

30 

136,132 


520 

520 

520 

520 

600,601,623 
911,515 
489,513 
494,513 
511,515 
494,511,513,515 


489,511,515,513 
425 

511,515 

362 

522 

522 

489,513 
494,511,515 
494,513 
489,511,513,515 


511,513 
911,515 
142 
513 
513 
911,515 
600,601,623 
573-594 
623 

196 

18 
184,162 
162 
196 
413 
623 

520 

520 

520 

520 

518 
518 
518 
511,515 
511,515 
511,515 
511,515 
511,515,513 


494,511,515 
494 
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ERO-25CK PANASONIC 5033R,5043E,5043T  489,511,513,515 MF70 RCD 5073Y 504 F-DYNE 703E1 432 
ERO-25CKJ PANASONIC 5043E MFDS SEACOR 712A 413 PR WESTCAP SFE 70801 408 
ERO-25CH PANASONIC 5033R,5043E 489,511,515 MFF-1 DALE 5073Y 504 PS THOMSON 719F1 436 
ERO-10CK PANASONIC 5023R 511,515 MHS5 CORNING 5023V 520 PS NICHICON 3487 60 
ERZ-C20DK PANASONIC 2322 596 573-594 MH60 CORNING 5033V 520 PS11 F-DYNE 704C1 427 
ERZ-C10DK PANASONIC 2322 594 573-594 MH65 CORNING 5043V 520 PT PAKTRON 70801 408 
ERZ-C14DK PANASONIC 2322 595 573-594 MILO7 KOA 50437, 5043E 489,513 PTF-65 DALE 5033Z 507,512 
ERZ-COSDK PANASONIC 2322 592 573-594 MIL20 KOA 50537 ,5053H 494,513 PTF-56 DALE 50232 507,512 
ERZ-CO7DK PANASONIC 2322 593 573-594 MJ65 CORNING 5043V 520 PTF-51 DALE 50132 507,512 
F DALE 2322 610,2322 645 600,601,627 MK55 CORNING 5023V 520 PTH KEYSTONE 2322 660,2322 680 649,679,683 
FI772 ROEDERSTEIN 719J1 458 MK60 CORNING 5033V 520 PTH451 MURATA-ERIE 2322 662 653,656 
FA-FT FENWAL 2322 640,2322 642 — 607,614,615,619 MK65 CORNING 5043V 520 PTH487 MURATA-ERIE 2322 672 681 

FAH CORNELL-DUBILIE 3186 18 MKC1860 ROEDERSTEIN 70881 423 PTH492 MURATA-ERIE 2322 680 679,683 
FAHM CORNELL-DUBILIE 3186 18 MKC1862 ROEDERSTEIN 71981 425 PTHS9-PTH63 ~~ MURATA-ERIE 2322 660,2322672 649,681 
FAL CORNELL-DUBILIE 3186 18 MKT1817 ROEDERSTEIN 719A1 418 PX THOMSON 71931 458 
FALM CORNELL-DUBILIE 3186 18 MKT1818 ROEDERSTEIN 719A1 418 063100 SIEMENS 2322 660,2322 664 649,657 
FAM CORNELL-DUBILIE 3191 41 MKT1822 ROEDERSTEIN 719A1 418 QX5 NICHICON 712A1 413 
GA-GD FENWAL 2322 626,2322 633 MKT1826 ROEDERSTEIN 719A1 418 QxB NICHICON 7191 458 
H-10 KOA 50232 507,512 ML104 CADDOCK 50232 507,512 Qxc NICHICON 7191 458 

H-8 KOA 50332 907,512 ML114 CADDOCK 50232 507,512 QXE NICHICON 719J1 458 
HC3 CORNING 5033U 518 ML124 CADDOCK 5033Z 507,512 OXF NICHICON T19FA/F2 436,437 
HC4 CORNING 5043U 518 MMB NISSI 712A1 413 QXM NICHICON 712A1 413 

HL NICHICON 3487 60 MMC TRW 5023R,5013V 511,515,520 QXS NICHICON 712A1 413 
HN3 CORNING 5033U 518 MME NISSI 719J1 458 R-25 R-OHM 5043CX 487 
HN4 CORNING 5043U 518 MMH NISSI 712A1 413 R-50 R-OHM 5053CX 487 
HNS CORNING 5053U 518 MMK-5 SEACOR 719A1 418 RD MURATA R 190 
HNSS ANGSTROM 2025A 522 MMKO SEACOR 719A1 418 RE ELNA 3476 45 
HN60 ANGSTROM 5035A 522 MMS NISSI 7191 458 RG 1/2 TRW 5053H 494 
HN65 ANGSTROM 5045A 522 MMT NISSI 712A1 413 RG 1/4 TRW 5043E 489 

IR THOMSON 719A1 418 MMW C-D 708A1 41] RGO7 TRW 5043T,5043E 489.513 
IRO/MC THOMSON 719A1 418 MO 1/2 KOA 50537 ,5053H 494.513 RG20 TRW 5053T,5053H 494,513 
IRO607 THOMSON 719A1 418 MO-1 KOA 5073Y 504 RGRO5 TRW 5033U 518 
IRO807 THOMSON 7191 418 MPC NISSI TAQFA/F2 436,437 RGRO7 TRW 5043U 518 
JA-JT FENWAL 2322 640,2322 642  607,614,615,619 MPE F-DYNE 708A1 411 RGR20 TRW 5053U 518 
K146Z AEROVOX (ACUSHNET) 701B1 MPED2 F-DYNE 712M 413 RH2 ELNA 3476 45 
KA-KB FENWAL 2322 640,2322 642 — 607,614,615,619 MPR ILLINOIS 719F1/2 436,437 RJ2 ELNA 3480 51 

KMC CHEMICON 3480 51 MPT-2R IT 719A1 418 RL-PTS KEYSTONE 2322 672 681 
KP1830 ROEDERSTEIN 70361 432 MPV NISSI 719F1/F2 436,437 RL-PTO KEYSTONE 2322 660,2322 672 649,681 
LO4C CORNING 5033R 511,515 MR THOMSON 712M 413 RL-G KEYSTONE 2322 626,2322 633 649,657 
L04D CORNING 5033R 511,515 MSR ILLINOIS 712M 413 RL-D1 KEYSTONE 2322 640,2322 642  609,614,615,619 
LOSC CORNING 5053 504 MTR3 TRW 50132 507,512 RL ELNA 3476 45 
LO5D CORNING 5053Y 504 MTRS TRW 50232 507,512 RL-PTF KEYSTONE 2322 660,2322 664 649,657 
L161X AEROVOX (ACUSHNET) 704C1 427 MTR6 TRW 50332 507,512 RL-PT1 KEYSTONE 2322 672 681 
LA-LT FENWAL 2322 642,2322 644 615,619,623 MTR7 TRW 50632 507,512 RN 1/2 STACKPOLE 5043M,5053H, 494,511,513,515 
LB(U) NICHICON 3476 45 N146XR AEROVOX (ACUSHNET) 70361 432 5043T,5043R 

LL NICHICON 3487 60 N159X AEROVOX (ACUSHNET) T19F1/F2 436,437 RN 1/4 STACKPOLE 5033R,5043E 489,511,515 
LP MALLORY 3487 60 N1592 AEROVOX (ACUSHNET) TAQFI/F2 436,437 RPA MURATA A 132 

LP ELNA 3487 60 N161X AEROVOX (ACUSHNET) 703E1 432 RPE MURATA K 142 

LP2 ELNA 3487 60 NA-NT FENWAL 2322 644 623 RS-1 STACKPOLE 5073Y 504 
LP3 ELNA 3487 60 NASS CORNING 5033R,5043E 489,511,515 RW TRANSISTOR 43JW 320 
LPS NICHICON 3487 60 NA60 CORNING 5043M,5053H,5043R 494,511,515 RX CHEMICON 3481 96 

LR NICHICON 3487 60 NA60D CORNING 5043M,5043R 511,515 RX-11 RUBICON 3481 56 

LS PANASONIC 3070 2 NA65D CORNING 5053R 911,515 S05K SIEMENS 2322 592 573-594 
LV-1/4 STACKPOLE 5053Y 504 NC3 CORNING 5023R 511,515 SO7K SIEMENS 2322 593 573-594 
LV-1/2 STACKPOLE 5053 504 NC55 CORNING 5033R 511,515 S10K SIEMENS 2322 594 573-594 
M DALE 2322 610,2322 645 600,601,627 NC6 CORNING 5043M,5043R 511,515 S14K SIEMENS 2322 595 573-594 
MO 1/4 KOA 50437,5043E 489,513 NC60 CORNING 5043M,5043R 511,515 S20K SIEMENS 2322 596 573-594 
M192P MALLORY 70801 408 NE4 CORNING 5033R,5043E 489,511,515 SA AVX A 132 

M3 STACKPOLE 5033R,5043E 489,511,515 NES CORNING 5043M,5053H,5043R 494,511,515 SE-1/8 DALE 5035A 522 

M4 STACKPOLE 5043M,5053H,5043R 494,511,515 NESS CORNING 5033R 511,515 SE-1/4 DALE 5045A 522 

M5 STACKPOLE 5053R 511,515 NE6 CORNING 5053R 911,515 SE-1/10 DALE 5025A 522 
MA-MB FENWAL 2322 644 623 NE60 CORNING 5043M,5043R 911,515 SF SEACOR 704C1 427 
MAR3 TRW 50132 507,512 NE65 CORNING 5053R 511,515 SFWA EVOX/SEACOR 704C1 427 
MARS TRW 50232 507,512 NH PANASONIC 3480 51 SFX SEACOR 704C1 427 
MAR6 TRW 5033Z 507,512 NLA NICHICON 3070 2 SG KETEMA-RODAN 2322 644 623 
MAR7 TRW 5063Z 507,512 NM PAKTRON 719FA 436 SG AMETEK-RODAN 2322 644 

MB OHMITE 5033R 511,515 NM(HR) CHEMICON 3487 60 SL AMETEK-RODAN 2322 660,2322 672 649,681 
MC OHMITE 5043M,5043R 511,515 PA PAKTRON 719F1 436 SL KETEMA-RODAN 2322 660,2322 672 649,681 
MC THOMSON 719A1 418 PC NICHICON 3480 51 SM(VB) CHEMICON 3476 45 
MC65 CORNING 5053R 511,515 PC CORNELL-DUBILIE 3476 45 SM55 STACKPOLE 5033R 511,515 
MD THOMSON 712M 413 PFDR EVOX/SEACOR 719F1 436 SM60 STACKPOLE 5043M,5043R 911,515 
MDO1-MD02 AVX P 158 PFDS EVOX/SEACOR 719F1 436 SMA 0411 CORNING/DRALORIC 5043M,5053H,5043R 494,511,515 
MEA TRW 5033R 511,515 PFWA EVOX/SEACOR 70361 432 SMA 0207 CORNING/DRALORIC 5033R,5043E 489,511,515 
MF-1 DALE 5073Y 504 PK NICHICON 3488 63 SMA 0204 CORNING/DRALORIC 5023R 511,515 
MF 1/8 DALE 5043M,5053H,5043R 494,511,515 PL THOMSON 719F1 436 SMA 0617 CORNING/DRALORIC 5053R 511,515 
MF 1/4 DALE 5053R 511,515 PMB ILLINOIS 719A1 418 SMA4C CORNING 5033R 911,515 
MF PAKTRON 712M 413 PMC-2R IT 719B1 425 SMC CHEMICON 3476 45 

MF 1/10 DALE 5033R,5043E 489,511,515 PME ROEDERSTEIN 71931 458 SME(VB) CHEMICON 3476 45 
MFS0 KOA, DALE 5023R,5043E 489,511,515 PNKR EVOX/SEACOR 719J1 458 SMG CHEMICON 3487 60 
MF55 KOA, RCD 5033R,5043E 489,511,515 PNKS EVOX/SEACOR 719J1 458 SMMKO EVOX/SEACOR 719A1 418 
MF60 KOA, RCD 5043M,5053H,5043R 494,511,515 PP PAKTRON 703E1 432 SNR SANKEN 2322 592,2322 596 573-594 
MF65 KOA, RCD 5053R 511,515 PR11 F-DYNE 703E1 432 SP KETEMA-RODAN 2322 660,2322 664 649,657 


“Philips Components Part Number “This Cross Reference is not meant to infer exact inter- 
changeability in all instances, but in most cases, pin configuration, performance specifications, 
and basic dimensions are similar.” ' 
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KEMET 

KEMET 

KEMET 

TRW 

TRW 

MALLORY 

AVX 

AVX 
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TRW 
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MARCON 
CORNELL-DUBILIE 
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GENERAL ELECTRIC 
GENERAL ELECTRIC 
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GENERAL ELECTRIC 
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AEROVOX (ACUSHNET 


AEROVOX (ACUSHNET. 


PHILIPS 
COMPONENTS 
PART NUMBER 


2322 660,2322 664 
K 

704C1 

3070 

2322 610,2322 645 
5033R,5043E 
5043M,5053H,5043R 
5053R 

40SS 

40NS 

40TS 

40XS 
5043M,5043R 
5033R 

5053R 

40SS 

40NS 

40TS 

40XS 

40YS 

392 

40MS 

40MS 

41PS 

41GS 

41GS 

5033R 
5043M,5043R 
40MS 

41GS 

41GS 

40MS 

40SS 

41GS 

3070 

40SS 

5023V 

5033V 

5043V 

402S 

41PS 

5023V 

5033V 

5043V 

3480 

5023V 

5033V 

5043V 

43JW 

40EW 

40LW 

40SW 

40SW 

40NS 

3488 

3487 

3487 

3487 

40XS 

40XS 

40YS 

40BW 

3480 

3188 

3481 

40EW 

2322 592,2322 596 
2322 592,2322 596 
2322 592,2322 596 
2322 592,2322 596 
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2322 592,2322 596 
719A1 

719A1 

708A1 

70801 

70801 

70801 

712M 

712M 
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649,657 

142 

427 

2 
600,601,627 
489,511,515 
494,511,515 
511,515 

373 

365 

380 

384 

511,515 
511,515 
511,515 

373 

365 

380 

384 

388 


359 
359 
369 
365 
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511,515 
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573-594 
573-594 
573-594 
573-594 
573-594 
418 
418 
411 
408 
408 
408 
413 
413 
408 
408 


COMPETITOR 
NUMBER 


X463UW 
X601PE 
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XTH 
XTH 
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XTL 
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XTV 
XTV 
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THOMPSON 
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THOMPSON 
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WESTCAP SFE 
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C-D 
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2322 593 
2322 594 
2322 595 
2322 596 
2322 592 
701A1,708A1 
40LW 
70181,708B1 
708A1 

70881 

704C1 

40SW 

3070 

70801 

70801 

70361 

40SW 

2322 610,2322 645 
71981 

708G1 N/A 
712A1 

708A1 
43XWICL14/CL16 
43XW/CLR14 
43XW/CLR10 
43XW/CLR14 
43XW/CLR10 
43XW/CLR17 
43XW/CL17/CL18 
2322 644 
719A1 
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573-594 
573-594 
573-594 
573-594 
573-594 
411 

329 

423 

41 

423 

427 

336 

2 

408 

408 

432 

336 
600,601,627 
425 


413 
411 
348,212 
348,227 
348,225 
348,227 
348,225 
348,228 
348,214 
623 
418 
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Notice: 
Although the information in this catalog has been 
carefully checked for accuracy, and is believed to be 
correct and current, no warranty, either express or 
implied, is made as to either its applicability to, or its 
compatibility with, specific requirements; nor does 
Philips Components Discrete Products Division assume 
any responsibility for correctness of this information, nor 
for damages consequent to its use. All design charac- 
teristics, specifications, tolerances, and the like are 
subject to change without notice. Publication of this 
information is not intended to convey patents rights, if any. 


Super Snap™ is a trademark of Philips Components 
Discrete Products Division. Space Miser® Mono-Axial® 
Mono-Glass® Mono-Kap® Mono-Pak® Ultra-Kap® and 
Gap-Kap® are registered trademarks of Philips Com- 
ponents Discrete Products Division. Philips Compo- 
nents Discrete Products Division is a North American 
Philips Company. 

©Copyright, Philips Components Discrete Products Division, 1990. 

All rights reserved. Printed in U.S.A. 


Mail this business reply card 
today to request your per- 
sonal copies of Philips 
Components Discrete 
Products Division’s catalogs. 


SURFACE MOUNT DEVICE 
CATALOG contains impor- 
tant design, performance, 
and specifying data on tan- 
talum capacitors, monolithic 
ceramic capacitors, alumi- 
num electrolytic capacitors, 
thick-film and precision 
metal-film resistors, high 
performance trimmers, 
miniature selector switches 
and discrete semiconductors. 


DISCRETE SEMICONDUC- 
TOR CONDENSED CATA- 
LOG contains information for 
ail Philips Components dis- 
crete semiconductors includ- 
ing small signal devices, 
power devices, and opto- 
electronic devices. 


FERRITE MATERIALS AND 
COMPONENTS CATALOG 
contains information on the 
most complete and diversi- 
fied range of ferrite-based 
devices offered to the elec- 
tronics industry. 


You can also request an 
additional copy of Philips 
Components Discrete 
Product Division’s 1990-91 
Resistor/Capacitor Data 
Book. Just fill out one of the 
attached cards. If all the 
cards have been used, send 
a request including your 
name, title, company, and 
address to: 


Philips Components 
Discrete Products Division 
A North American Philips 
Company 

P.O. Box 10330 

2001 W. Blue Heron Bivd. 
Riviera Beach, FL 33404 


Attn: Literature Department 


2001 West Blue Heron Boulevard 


P.O. Box 10330 
Riviera Beach, 
Florida 33404-9984 
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(J Surface Mount Device Catalog 

L] Discrete Semiconductor Condensed Catalog 
| Ferrite Materials and Components Catalog 
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COMPANY 
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| Surface Mount Device Catalog 
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[_] Leaded Resistor/Capacitor Data Book 
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Please send: 

L] Surface Mount Device Catalog 

L_] Discrete Semiconductor Condensed Catalog 
|] Ferrite Materials and Components Catalog 
(_] Leaded Resistor/Capacitor Data Book 

(_] Please have a sales representative call 


PHILIPS 
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AL Huntsville, Over & Over, Inc. 

AZ Tempe, Philips Components 

CA Anaheim, Philips Components 

CA Harbor City, Refrigeration Comp. 

CA Mission Hills, Philips Components 

CA Mountain View, Brooks Technical Group 

CA San Diego, Philips Components 

CA Sunnyvale, Philips Components 

CO Englewood, Philips Components 

FL Altamonte Springs, Philips Components 

FL Ft. Lauderdale, Philips Components 

GA Norcross, Over & Over, Inc. 

GA Roswell, Philips Components 

lA Cedar Rapids, Lorenz Sales, Inc. 

IL Bannockburn, GMR Sales, Inc. 

IL Des-Plaines, Philips Components 

IN Fort Wayne, Corrao Marsh, Inc. 

IN Green Field, Corrao Marsh, Inc. 

IN Kokomo, Philips Components 

KS Merriam, Lorenz Sales, Inc. 

KS Wichita, Lorenz Sales, Inc. 

MA Woburn, Philips Components 

MD Columbia, Delta III Associates 

MI Farmington Hills, Philips Components 

MN Minneapolis, Electric Comp. Sales, Inc. 

MO St. Louis, Lorenz Sales, Inc. 

NC Charlotte, Over & Over, Inc. 

NC Raleigh, Philips Components 

NC Raleigh, Over & Over, Inc. 

NE Lincoln, Lorenz Sales, Inc. 

NJ Engleweod Cliffs, Ed Glass Associates 

NJ Mendham, Philips Components 

NY Binghamton, Empire Tech. Assoc., Inc. 
Y Skaneateles, Empire Tech. Assoc., Inc. 

NY East Rochester, Empire Tech. Assoc., Inc. 

NY Port Ewen, Empire Tech. Assoc., Inc. 

OH Dayton, Philips Components 

OH Wickliffe, Philips Components 

OR Beaverton, Eclipse Marketing Group 

PA Willow Grove, Philips Components 

PR Caparra Heights, M. Anderson Co., Inc. 

IX Richardson, Philips Components 

IX Austin, Philips Components 

TX Houston, Philips Components 

Redmond, Eclipse Marketing Group 

WA Spokane, Eclipse Marketing Group 

WI Milwaukee, Philips Components 

Canada Scarborough, Ontario, Philips Components 

Mexico CD. Juarez, Chihuahua, Philips Components 

Mexico Guadalajara, Jalisco, Philips Components 

Mexico — Mexico City, Philips Components 


Sales Offices and Manufacturer Representatives 


*Motor Start Only 


(205) 837-7105 
(602) 820-2225 
(714) 441-0385 
(213) 325-3420* 
(818) 891-6299 
(415) 960-3880 
(619) 453-0332 
(408) 746-2066/2808 
(303) 779-9696 
(407) 339-5073 
(305) 485-0115 
(404) 449-6205 
(404) 992-0150 
(319) 377-4666 
(312) 295-8440* 
(708) 827-4487 
(219) 482-2725 
(317) 462-4446 
(317) 456-1615 
(913) 384-6556 
(316) 721-0500 
(617) 932-4748 
(301) 730-4700 
(313) 553-6000 
(612) 933-2594 
(314) 997-4558 
(704) 542-9111 
(919) 782-3334 
(919) 876-7338 
(402) 475-4660 
(201) 592-0200 
(201) 543-2556 
(607) 772-0651 
(315) 685-5703 
(716) 381-8500 
(914) 331-5553 
(513) 436-0066 
(216) 731-7721 
(503) 642-1661 
(215) 659-6096 
(809) 793-6544 
(214) 231-8274 
(512) 331-8828 
(713) 987-0034 
(206) 885-6991 
(509) 922-3972 
(414) 228-7632 
(416) 292-5161 
011+52-16-186701/02 
011+52-36-522770/72 
011+52-55-333858/59 


Philips Components 
Discrete Products Division 


Passive Components Group 


CAPACITORS 

4561 Colorado Boulevard 
Los Angeles, CA 90039 
Tel: 818/240-4880 

Fax: 818/500-9174 


7158 Merchant Avenue 
El Paso, TX 79915 

Tel: 915/775-4242 
Fax: 915/775-4249 


5900 Australian Avenue 
West Palm Beach, FL 33407 
Tel: 407/863-1800 

Fax: 407/863-1811 


6071 St. Andrews Road 
Columbia, SC 29212-3198 
Tel: 803/772-2500 

Fax: 803/772-2445 


RESISTORS 

Airport Road 

P.O. Box 760 

Mineral Wells, TX 76067 

Tel: 817/325-7871 

Fax: 817/325 8397 (SPR) 
817/325-1052 (GPR) 


Mepcopal Company 

11468 Sorrento Valley Road 
San Diego, CA 92121 

Tel: 619/453-0332 

Fax: 619/481-1123 


Discrete Semiconductor Group 
45 George Washington Highway 
Smithfield, Rl 02917 

Tel: 401/232-0500 

Fax: 401/232-1047 


Materials Group 
5083 Kings Highway 
Saugerties, NY 12477 
Tel: 914/246-2811 
Fax: 914/246-0486 


Professional Components Group 
100 Providence. Pike 

Slatersville, Rl 02876 

Tel: 401/762-3800 

Fax: 401/762-3805 Ext. 324 


DIVISION HEADQUARTERS 
2001 W. Blue Heron Blvd. 

P.O. Box 10330 

Riviera Beach, FL 33404 

Tel: 407/881-3200 

Fax: 407/881-3300 


Ordering Code PCO02-1 
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